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S U M M A R Y
The main p a r t  o f  t h i s  t h e s i s  h a s  d e a l t  w i t h  b e n z y l i c  c o u p l in g  
i n  a l a r g e  number o f  m e th y l  d e r i v a t i v e s  o f  p o ly - c y c l i c  a r o m a t i c  
h y d r o c a r b o n s .
I t  h a s  b e e n  shown p r e v i o u s l y  t h a t  a c o u p l i n g  c o n s t a n t  o f  
*✓1 . 0  Hz. be tw een  t h e  m e thy l  p r o t o n s  and t h e  o r t h o  a r o m a t i c  
p r o t o n  i s  i n d i c a t i v e  o f  a h i g h  d e g re e  o f  l o c a l i s a t i o n  and doub le  
bond c h a r a c t e r  i n  t h e  i n t e r v e n i n g  bond .  T h i s  i d e a  h a s  b e e n  e x te n d e d  
by exam in ing  a s e r i e s  o f  s y m m e t r i c a l  6 - d i m e t h y l  d e r i v a t i v e s  
w h ich  i n v o l v e d  s y n t h e s i s i n g  2 ' , 3 ' - d i m e t h y l - 1 , 2 ; 6 , 7 - d i b e n z o -  
p y r e n e , ( I )  and 6 , 7 - d i m e t h y 1- 1 , 2 : 3 >4 - d i b e n z a n t h r a c e n e  ( i i ) .
9 , 1 0 -D im e t h y l - 3 , 4 - b e n z o t e t r a p h e n e  ( i l l )  was o b t a i n e d  a s  a b y ­
p r o d u c t  i n  t h e  l a t t e r  s y n t h e s i s .  The c o u p l i n g s  i n  t h e s e  d e r i v a t i v e s  
add f u r t h e r  e v i d e n c e  t o  t h e  i d e a  t h a t  t h e r e  i s  on ly  one t r u e  doub le  
bond i n  each  r i n g  w h ich  o c c u p i e s  t h e  l o w e s t  e n e rg y  o r b i t a l .  The 
r e m a i n i n g  4  J T - e l e c t r o n s  a r e  d i v i d e d  i n t o  two h i g h e r  e n e rg y  l e v e l s  
w i t h  one p a i r  r e m a in in g  d e l o c a l i s e d  w i t h i n  t h e  r i n g ^ a n d  th e  t h i r d  
p a i r^  i n  t h e  h i g h e s t  l e v e l ,  d e l o c a l i s e d  o u t s i d e  t h e  r i n g  and c a p a b le  
o f  m i g r a t i n g  from r i n g  t o  r i n g .
An a n n e l l a t i o n  e f f e c t  i s  t h u s  o b s e r v e d  i n  p a s s i n g  from o -x y le n e  
t o  2 , 3 - d i m e t h y l a n t h r a c e n e  ( I V ) ( v ) ( V i )  w h ich  can be e x p l a i n e d  by th e
ii#
i n c r e a s e d  l i n e a r  a n n e l l a t i o n  r e d u c i n g  th e  i n f l u e n c e  o f  t h o s e  
d e l o c a l i s e d  J T - e l e c t r o n s  w hich  a r e  f r e e  t o  m i g ra t e ,  a s  t h e y  a r e  
s p r e a d  over  more r i n g s .
The d i s t r i b u t i o n  o f  t h e  t r u e  doub le  bond can a l s o  be c o n s i d e r a b l y  
a f f e c t e d  by s u b s t i t u t i o n  i n  t h e  r i n g .  T h i s  i s  r e f l e c t e d  by 
c o n s i d e r a b l e  -changes i n  t h e  m agn i tude  o f  t h e  b e n z y l i c  c o u p l i n g  
and s u p p o r t s  t h e  a d d i t i v i t y  o f  o n ly  one t r u e  doub le  bond i n  each  r i n g .
The e l e c t r o n i c  a r r a n g e m e n t  i n  p y r i d a z i n e  i s  i n  t h e  o p p o s i t e  
s e n s e  t o  n a p h t h a l e n e  and a n t h r a c e n e .  There  i s  a  h i g h  d e g re e  o f  
doub le  bond  c h a r a c t e r  i n  t h e  4 ) 5 '  p o s i t i o n  and a c o r r e s p o n d i n g l y  
low v a l u e  i n  th e  3>4 a nd 5?6 p o s i t i o n s .  T h i s  i s  b o rn e  ou t  on 
e x a m i n a t i o n  o f  a number o f  r n e t h y l p y r i d a z i n e s  and adds  f u r t h e r  
e v id e n c e  t o  t h e  above i d e a s .
F i n a l l y ,  t h e  u n u s u a l  asymmetry o f  t h e  m e thy l  r e s o n a n c e  i n  CC -  
m e thy l  d e r i v a t i v e s  was i n v e s t i g a t e d .  D uring  t h i s  work an e x p l a n a t i o n  
was p u b l i s h e d  on t h e  b a s i s  o f  computer  a n a l y s i s  o f  th e  m e thy l  s i g n a l  
and i t  a p p e a r s  t h a t  t h e  asymmetry i s  i n h e r e n t  w i t h  t h i s  c o m b in a t io n  
o f  c o u p l i n g s  t o  t h e  o r t h o ,  p a r a  and meta p r o t o n s  on t h e  r i n g .
The a p p a r e n t  l a c k  o f  l o n g - r a n g e  c o u p l in g  i n  a r o m a t i c  h y d ro c a rb o n s  
h a s  b e e n  a t t r i b u t e d  t o  2nd o r d e r  i n t e r a c t i o n s .  In  t h i s  work 
h a l o g e n  d e r i v a t i v e s  o f  a n t h r a c e n e  and t e t r a c e n e  were examined .  
D eco u p l in g  i n d i c a t e s  t h e  a b s en ce  o f  p a r a  c o u p l in g  be tw een  t h e  p r o t o n s  
on n o n - t e r m i n a l  r i n g s ,  a l t h o u g h  t h e r e  i s  s u b s t a n t i a l  t r a n s - p e r i  
c o u p l i n g  be tween  t h e  p r o t o n s  o f  a t e r m i n a l  and n o n - t e r m i n a l  r i n g .
However a m e thy l  g roup  on a n o n - t e r m i n a l  r i n g  i s  found  t o  be 
s t r o n g l y  coup led  o n ly  t o  th e  p a r a  p r o t o n  w i t h  J=  O .B-l .OHz. T h i s
(VII) (VIII)
(IX) (iXa)
i i io
v a l u e  i s  as  l a r g e  a s  t h e  c o u p l i n g  c o n s t a n t  o b s e rv e d  f o r  t h e  
l o c a l i s e d  double  bond i n  9 - r o e th y lp h e n a n th re n e  1 . 0  Hz. T h i s  
e v i d e n c e  i s  compared w i t h  o t h e r  m e th y l  d e r i v a t i v e s  and s e v e r a l  
p o s s i b l e  e x p l a n a t i o n s  a r e  d i s c u s s e d .
The r e d u c t i v e  d i m e r i s a t i o n  o f  6 - n a p h t h a n t h r o n e  y i e l d e d  t h e  knovm 
h y d r o c a r b o n s ,  d i n a p h t h o - ( 7 1 > l 1 s 1 , 1 3 ) : ( l " , 7 " >  b) - p e r o p y r e n e  f d i n a p h t h o -
- p e r o p y r e n e  and 2 , 3 - t r i m e t h y l e n e p y r e n e  
a l o n g  w i t h  two new h y d ro c a rb o n s  ' (VTl)  a n d ( V I I l ) . C i r c o b i p h e n y l  
(V I I )  i s  a h i g h l y  condensed  h y d ro c a rb o n  w hich  can be c o n s i d e r e d  a s  
a  dou b le  co ro n e n e .  The U.V. sp ec t ru m  i s  s i m i l a r  t o  coronene^ 
however i t s  low s o l u b i l i t y  has  p ro v e d  a s tu m b l in g  b l o c k  i n  e f f o r t s  
t o  o b t a i n  t h e  n . m . r .  s p e c t ru m .  I t  was hoped t h a t  th e  p r o t o n s  o f  
t h i s  m o le c u le  would  r e s o n a t e  a t  low f i e l d  t h u s  i n d i c a t i n g  a 
" s u p e r a r o m a t i c i t y "  e f f e c t  a n a l o g o u s  to  c o ro n e n e .
A new p u r p l e  h y d ro c a rb o n  was a l s o  o b t a i n e d  and U.V. ev id e n c e  
f a v o u r s  t h e  s t r u c t u r e  d i b e n z i s o v i o l a n t h r e n e  ( V I I l ) .  A p p l i c a t i o n  of  
R o b in so n s  a r o m a t i c  s e x t e t  t o  t h i s  s t r u c t u r e  does  n o t  i n d i c a t e  any 
l o c a l i s e d  d i e n o p h i l i c  r e g i o n s  and t h e r e f o r e  t h i s  m o le c u le  s h o u ld  n o t  
r e a c t  w i t h  m a l e i c  a n h y d r i d e .  C o n t r a ry  t o  e x p e c t a t i o n s ,  t w o - f o l d  
a d d i t i o n  o f  m a l e i c  a n h y d r i d e  d oes  o c c u r  i n  a  s i m i l a r  manner t o  
2 , 3 :4 , 5 J b , 9 J 1 0 , l l - t e t r a b e n z o p e r y l e n e  and on t h i s  b a s i s  t h e  p o s s i b i l i t y  
o f  s t r u c t u r e  (IX) c a n n o t  be e x c l u d e d .
However c l o s e r  e x a m i n a t i o n  o f  s t r u c t u r e  (IX) shows t h a t  a comple te  
Kekule  s t r u c t u r e  i s  n o t  p o s s i b l e ,  d e s p i t e  t h e  f a c t  t h a t  a l t e r n a n t  
m ark ing  p r e d i c t s  an  e q u a l  number o f  marked and unmarked ca rbon  a toms.  
The fo rm e r  f i n d i n g  l e a d s  t o  t h e  t h e o r e t i c a l  p r e d i c t i o n  o f  a  d i r a d i c a l  
or  h i g h e r  s t r u c t u r e  w i t h  an  i n h e r e n t  i n s t a b i l i t y  a s  shown by
(XI)
(XII)
i v .
t r i a n g u l e n e ,  y e t  from th e  a l t e r n a n t  mark ing  sbbeme ( iX a)  a bond 
a c r o s s  t h e  midd le  r i n g  i n v o l v i n g  e l e c t r o n s  o f  o p p o s i t e  s p i n  migh t  
he  p o s s i b l e .  I n  o r d e r  t o  t e s t  t h e  above p r e d i c t i o n s  and t o  t r y  and 
c l a r i f y  t h e  r e a c t i v i t y  o f  t h e  p u r p l e  h y d ro c a rb o n  w i t h  m a l e i c  
a n h y d r i d e ,  an  unambiguous  s y n t h e s i s  o f  (IX) was a t t e m p t e d .
A s e r i e s  o f  exam ples  w h ich  show t h e  a sym m etr ic  a n n e l l a t i o n  
o f  two d i p h e n y l  complexes  t o  an acene  have b e e n  b u i l t  up over  t h e  
y e a r s .  Two o f  t h e  r e m a in in g  members o f  t h i s  s e r i e s  a r e  1 , 2 : 3 , 4 : 1 1 > 1 2 :  
1 3 >1 4 - f e t 2? abe nzhep ta cene  (x)- and 1 , 2 : 3 , 4 - f i k e n z h e x a c e n e  ( x i )  , A 
s y n t h e s i s  o f  th e  fo rm e r  compound was u n d e r t a k e n  t o  i n c r e a s e  th e  scope 
o f  t h e  above s e r i e s  and  i n  an e f f o r t  t o  o b t a i n  a r e a s o n a b l y  s t a b l e  
h e p t a c e n e  d e r i v a t i v e .  I n s t e a d  o f  t h e  r e q u i r e d  compound ( x ) , t h e  
i s o m e r i c  1 , 2 : 3 > 4 • H >  12s 13? 1 4 - t e t r a b e n z h e p ta p b . e n e  (X II )  h a s  been  
i s o l a t e d  and i t s  s p e c t r a  and p r o p e r t i e s  compared w i t h  h e p ta p h e n e ^  
P r e l i m i n a r y  a t t e m p t s  t o  s y n t h e s i s e  (Xi)  a r e  a l s o  d e s c r i b e d .
F i n a l l y ,  v a r i o u s  t h e o r e t i c a l  t r e a t m e n t s  have b e e n  p u t  f o rw a rd  t o  
e x p l a i n  and c a l c u l a t e  t h e  low f i e l d  r e s o n a n c e  o f  a r o m a t i c  p r o t o n s ,  
and  t h e r e  i s  now good ag ree m en t  be tw ee n  o b s e rv e d  and c a l c u l a t e d  
c h e m ic a l  s h i f t s .
In  t h i s  work th e  s p e c t r a  o f  a number o f  l a r g e  p o l y c y c l i c  a r o m a t i c  
h y d r o c a r b o n s  have b e e n  a n a l y s e d .  A com par ison  w i t h  t h e  r e c e n t  
c a l c u l a t e d  chem ica l  s h i f t s  has  b e e n  made, w i t h  p a r t i c u l a r  i n t e r e s t  
i n  t h e  overc row ded  bay  p r o t o n s  w hich  t e n d  t o  e x h i b i t  .anomolous 
b e h a v i o u r .
A l l  Hexagons  ( i )  s y m b o l i se  a r o m a t i c  r i n g s .  Double b o n d s ,  
and  R o b in s o n ’ s a r o m a t i c  s e x t e t  ( i i )  w hich  s y m b o l i s e s  
s t r i c t l y  '6 T C - e l e c t r o n s , a r e  o n ly  u s e d  i f  some s p e c i a l  
s i g n i f i c a n c e  i s  i n t e n d e d .
C H A P T E R  I .
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KEKULE STRUCTURES and  t h e  BENZYLIC COUPLING o f  METHYL 
DERIVATIVES o f  POLYCYCLIC AROMATIC HYDROCARBONS.
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I n t r o d u c t i o n ,
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K ekule  i n i t i a l l y  e x p l a i n e d  t h e  u n s a t u r a t i o n  o f  ben ze n e  "by
h a v i n g  t h r e e  f i x e d  d o u b le  bonds  w i t h i n  t h e  benzene  r i n g  ( l a ) .
However t h e  f a i l u r e  t o  f i n d  th e  i s o m e r i c  c - d i s u b s t i t u t e d
b e n z e n e s  i n h e r e n t  i n  t h i s  s t r u c t u r e  p rom pted  him t o  e x t e n d  t h i s
i d e a .  He p o s t u l a t e d  t h a t  t h e  doub le  bonds  were n o t  f i x e d ,
t h a t  s t r u c t u r e  ( l b )  was e q u a l l y  p o s s i b l e  and t h a t  t h e  doub le
b o n d s  were i n  f a c t  o s c i l l a t i n g  a ro u n d  t h e  r i n g .
E x t e n s i o n  o f  t h i s  i d e a  t o  n a p h t h a l e n e  ( i l )  r e q u i r e s  t h a t  t h e
d o u b le  bo.nds s h o u l d  o s c i l l a t e  be tw een  t h e  t h r e e  p o s s i b l e
s t r u c t u r e s  ( I I  a , b , c ) .  However a  l a r g e  amount o f  che m ic a l
e v i d e n c e  h a s  b e e n  a c c u m u la t e d  t o  sho-w t h a t  t h e r e  i s  a
r e m a r k a b le  d i f f e r e n c e  be tw e e n  t h e  two p o s i t i o n s . o r t h o  t o  a (&"
n a p h t h a l e n e  s u b s t i t u e n t  and  t h a t  t h e  1 p o s i t i o n  i s  a lm o s t
1
i n v a r i a b l y  p r e f e r r e d  i n  a r e a c t i o n .  T h i s  i n f e r s  t h a t  t h e  doub le  
bonds  a r e  l o c a t e d  i n  t h e  1 , 2  and  3?4  p o s i t i o n s  r a t h e r  t h a n  t h e  
2 , 3  p o s i t i o n  i n  n a p h t h a l e n e ^ a n d  t h a t  t h e  doub le  bonds  a r e  n o t  
a s  m ob i le  a s  i n  b e n z e n e ,  b u t  r a t h e r  f i x e d  i n  t h e  symmetr ic  
s t r u c t u r e  ( i l a ) .
However when c h e m ic a l  r e a c t i o n s  a r e  a p p l i e d  i n  t h e s e  e f f o r t s ,  
t h e  i n h e r e n t  d i f f i c u l t y  i s  t h a t  a n  e x c i t e d  s t a t e  r a t h e r  t h a n  t h e  
g ro u n d  s t a t e  o f  t h e  m o le c u le  may be p a r t i c i p a t i n g .
With  t h e  a d v e n t  o f  n . m . r .  s p e c t r o s c o p y ,  a  new p h y s i c a l  method 
was made a v a i l a b l e  f o r  s t u d y i n g  t h e  m o lecu le  i n  i t s  e l e c t r o n i c
g ro u n d  s t a t e .  In  t h e  e a r l i e r  y e a r s ,  t h e  p r o t o n  c h e m ic a l  s h i f t
a p p e a r e d  t o  he t h e  most  i m p o r t a n t  s o u r c e  o f  i n f o r m a t i o n  a v a i l a b l e
t o  o r g a n i c  c h e m i s t s .  Hov;ever w i t h  t h e  deve lopment  o f  more
s o p h i s t i c a t e d  i n s t r u m e n t s ,  o f f e r i n g  b e t t e r  r e s o l u t i o n  o f
i n d i v i d u a l  n u c l e a r  r e s o n a n c e  s i g n a l s ,  t h e  phenomenon o f  s p i n - s p i n
c o u p l i n g  be tw een  n e i g h b o u r i n g  n u c l e i  became i n c r e a s i n g l y
i m p o r t a n t .  T h i s  o f f e r s  a d i r e c t  measurement o f  t h e  l o n g - r a n g e
i n t e r a c t i o n  be tw ee n  t h e  i n d i v i d u a l  p r o t o n s ,  a s  opposed  t o  t h e  _
c he m ic a l  s h i f t  w hich  i n d i c a t e s  t h e  immedia te  e l e c t r o n i c  and m a g n e t i c
2
en v i ro n m en t  o f  t h e  p r o t o n s  on t h e  m o l e c u l e .  Complementary t o
s p in - r s p in  c o u p l i n g ,  t h e  e x t r e m e l y  u s e f u l  t e c h n i q u e  o f  doub le
i r r a d i a t i o n  s p i n  d e c o u p l i n g  was d e v e l o p e d .  By i n d e p e n d e n t l y
i r r a d i a t i n g  t h e  sample a t  t h e  s p e c i f i c  f r e q u e n c y  o f  an  i n d i v i d u a l
p r o t o n  r e s o n a n c e ,  one can e f f e c t i v e l y  remove t h e  s p i n - s p i n
i n t e r a c t i o n  o f  t h a t  p r o t o n  w i t h  a l l  t h e  o t h e r  p r o t o n s  t o  w h ich  i t
i s  c o u p l e d ,  w h i l e  s t i l l  o b s e r v i n g  t h e  r e m a in d e r  o f  t h e  s p ec t ru m .
Thus i n  c a s e s  oi' a  m o le c u le  w i t h  a c o m p l i c a t e d  s p e c t ru m ,  doub le
i r r a d i a t i o n  can o f t e n  s i m p l i f y  t h e  sp e c t ru m  and a l l o w  a more
3
d e t a i l e d  a s s ig n m e n t  o f  t h e  p r o t o n  r e s o n a n c e  s i g n a l s .
In  o u r  p a r t i c u l a r  work we have d e a l t  w i t h  t h e  long  r a n g e  
s p i n - s p i n  c o u p l in g  o f  t h e  a r o m a t i c  p r o t o n s  v j i th  t h e  m e th y l  group 
i n  a s e r i e s  o f  m e thy l  s u b s t i t u t e d  p o l y c y c l i c  a r o m a t i c  h y d ro c a rb o n s  
and t h e i r  d e r i v a t i v e s .  B e fo re  r e v i e w i n g  our f i n d i n g s  i n  more 
d e t a i l  i t  i s  w o r th  c o n s i d e r i n g  t h e  s p i n - s p i n  c o u p l i n g  c o n s t a n t s
C H g  L_|
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o f  what  might  be t e rm e d  t h e  two ex t rem e c a s e s ,  namely t h e  j(H-C=C- 
CH ) o f  a  s im p le  a l k e n e  sys tem  and t h e  e q u i v a l e n t  c o u p l i n g
3
c o n s t a n t  a s  found  i n  a s u i t a b l y  s u b s t i t u t e d  b e n z e n e .  The
/ \ r 45m agn i tude  of  t h e  c o u p l i n g  in  p ro p e n e  ( . I I I ;  show J = 1 .6  -  l . d  H e .  ,
w h i l e  i n  t h e  l a t t e r  ca se  d e a l i n g  w i t h  an a r o m a t i c  compound,
s u c h  a s  2 , 3,4> ' j ' - te tra .ch loro to lx iene  (IV) and m e s i t y l e n e  (v),
6
J  = 0 . 6  Hz. Thus we have a com par i son  be tw een  t h e  c o u p l in g
i n  a f u l l y  l o c a l i s e d  d o u b le  bond i n  t h e  p r o p e n e s  and t h e  d e l o c a l i s e d
sys tem a s  i n  m e s i t y l e n e  o r  t h e  s u b s t i t u t e d  t o l u e n e .
However e x t e n s i v e  s t u d y  o f  a l a r g e  numoer o f  m e th y l  d e r i v a t i v e s
h a s  shown t h a t  t h e  s i t u a t i o n  i s  more complex.  The v a l u e  o f
J  can  v a r y  from z e r o  ( a t  l e a s t  no t  m e a s u ra b le  by  p r e s e n t  day
CH3 -H
i n s t r u m e n t s )  i n  o - x y l e n e  (Vi)  t o  a s  h igh  a s  1 . 0  - 1 , 1  Hz. i n  
1 -m e t  hy Ipy  r  e ne V 1 1 ) and 4 - m e t h y l t e t r a p h e n e  and a lm os t
1 . 0  Hz. i n  a s u i t a b l y  s u b s t i t u t e d  t o l u e n e .  The magni tude  o f  t h e  
c o u p l i n g s  g i v e s  an i n d i c a t i o n  o f  t h e  d e g re e  o f  double  bond 
c h a r a c t e r  i n  t h e s e  p o s i t i o n s .
I n i t i a l  i n v e s t i g a t i o n  by C l a r  and cow orkers  showed t h a t  i n  
9 -m e thy lph .enan th re ne  (IX) t h e  l a r g e  c o u p l i n g  1 . 1  Hz. between th e
m e thy l  g roup  and t h e  p r o t o n ,  H i n d i c a t e d  a c o n s i d e r a b l e  d eg ree
10 6.7
o f  doub le  bond c h a r a c t e r  i n  t h e  9>10 p o s i t i o n .7 T h i s  was b acxe d
up c h e m i c a l l y  by t h e  smooth a u d i t i o n  o f  bromine a t  t h e  9>10 p o s i t i o n s  
o f  p h e n a n t h r e n e  I^ X) fo rm in g  t h e  r e a s o n a b l y  s t a b l e  9 > lO -d ib ro m o -
9 . 1 0 - d i h y d r o p h e n a n t h r e n e  ( X l ) .  In  a l l  h y d ro c a rb o n s  i n v e s t i g a t e d  
t o - d a t e  w i t h  a m e th y l  s u b s t i t u e n t  i n  a s i m i l a r  ' a n g le *  p o s i t i o n ,  
t h e  m agn i tude  o f  t h e  c o u p l i n g  i s  ~  1 . 0  Hz,
(Xlla) (XIIc)
(mi) ( m )
C o n ju g a t i o n
(XV)
C o n ju g a t io n
Ho
c o n j u g a t i o n
+300
X(3 * 2210 > 2510 +60 2570
Series (XVI)
On c o n s i d e r a t i o n  o f  th e  a r r a n g e m e n t  o f  TC— e l e c t r o n s  i n
p h e n a n t h r e n e  i n  more d e t a i l ,  w r i t i n g  c o n v e n t i o n a l  ic-ekule" s t r u c t u r e s
one can have t h e  p o s s i b l e  a r r a n g e m e n t  shown. In  s t r u c t u r e s  ( X l l a b )
t h e  t e r m i n a l  r i n g s  e a c h  have t h r e e  p a i r s  o f  doub le  bonds  and
can  be c o n s i d e r e d  a s  i n h e r e n t  s e x t e t s ,  l e a v i n g  th e  r e m a in in g
doub le  bond l o c a l i s e d  i n  t h e  9>10 p o s i t i o n  ( X I I l ) . A more
u n i f o r m  d i s t r i b u t i o n  i s  o b t a i n e d  i f  two e l e c t r o n s  from t h e
h i g h e s t  l e v e l  o f  one s e x t e t  f i l l  t h e  second  l e v e l  i n  t h e  m idd le
r i n g ^ a s  shown by  t r a n s f o r m a t i o n  o f  s t r u c t u r e  ( X I I l )  i n t o  (XIV).
The r e m a i n i n g  TT“  e l e c t r o n s  a r e  t h e r e f o r e  f r e e  t o  m i g r a t e  o ve r
a l l  t h e  r i n g s .  T h i s  o f f e r s  an  e x p l a n a t i o n  f o r  t h e  c o n j u g a t i o n  o f
t h e  s y s tem  w h i l e  r e t a i n i n g  l o c a l i s a t i o n  o f  t h e  doub le  bond i n  the
9,10 p o s i t i o n  and e x p l a i n i n g  t h e  r e a c t i v i t y  a t  t h i s  p o s i t i o n  ( x ) •
F u r t h e r  e v i d e n c e  f o r  t h i s  i d e a  h a s  b e e n  d e r i v e d  from t h e
o b s e r v a t i o n  o f  t h e  n o n - e x i s t e n c e  o f  t h r e e - f o l d  c o n j u g a t i o n
i n  l i n e a r  benzo logues  o f  p e n t a p h e n e  and i n  c a s e s  o f  t h e  I , 2 j 3 >4 -  
g
d i o e n ^ a c e n e s .  Very s im p ly  t h i s  showed t h a t  o n ly  two b r a n c h e s  o f  
t h e  m o lecu le  were i n v o l v e d  i n  c o n j u g a t i o n ,  d u r i n g  t h e  t ime o f  l i g h t  
a b s o r p t i o n .  The e x p l a n a t i o n  o f  t h i s  phenomenon i n v o l v e s  t h e  i d e a  
o f  h av in g  t h e  l o c a l i s e d ,  doub le  bond i n  t h e  l o w e s t  l e v e l  i n  t h e  
m idd le  r i n g  t h u s  c u t t i n g  o f f  c o n j u g a t i o n  t o  t h e  t h i r d  b r a n c h  
and a l l o w i n g  o n ly  t w o f o l d  c o n j u g a t i o n  a t  any p a r t i c u l a r  i n s t a n c e  
( XV ) .  Thus a n n e l l a t i o n  o f  a  r i n g  t o  t h e  9 ,1 0  p o s i t i o n  o f  
p h e n a n t h r e n e ,  o r  t h e  5 j 6 p o s i t i o n  o f  p e n ta p h e n e  fo rm in g  a t h i r d  
b r a n c h  i n  t h e  m o lecu le  c a u s e s  o n ly  s m a l l  v i o l e t  s h i f t s  i n  th e
P -  1852
+ 663
^  2515
+ 630
3145 X
-25
3120 % Series (XVII)
(XVIII)
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U.V. s p e c t r a ,  s e r i e s  (XVI) and (X V I l ) ,  an t h i s  t h i r d  b r a n c h  doss
n o t  c o n t r i b u t e  o v e r a l l  to  t h e  c o n j u g a t i o n .  T h i s  i s  shown even
10more d r a m a t i c a l l y  i n  t h e  s t a r p h e n e s .  From h e p ta p h e n e  t o  d e c a s t a r -  
phene  o n ly  s m a l l  v i o l e t  s h i f t s  a r c  o b s e rv e d  d e s p i t e  t h e  f a c t  
t h a t  t h e  t h i r d  b r a n c h  c o n s i s t s  o f  t h r e e  l i n e a r  r i n g s ,  w hich  would 
cause  a  huge r e d  s h i f t  i f  l i n e a r l y  a n n e l l a t e d  t o  an  a c e n e .  F i g .  I .
The e x t e n s i o n  o f  t h i s  i d e a  t o  a l l  benzene  r i n g s  r e s u l t s  i n  
a  s u b d i v i s i o n  o f  t h e  a r o m a t i c  s e x t e t .  One p a i r  o f  J f  - e l e c t r o n s  
i s  l o c a t e d  i n  a t r u e  doub le  bond ,  t h e  p a i r  i n  t h e  n e x t  h i g h e s t  
l e v e l  a r e  d e l o c a l i s e d  w i t h i n  t h e  r i n g  and th e  t h i r d  p a i r  d e l o c a l i s e d  
i n  an  o r b i t a l  o u t s i d e  t h e  r i n g ,  a r e  capab ly  o f  m i g r a t i n g  from one 
r i n g  t o  t h e  n e x t  ( X V I I l )1.0
I t  i s  hoped t o  show from th e  f o l l o w i n g  n . m . r .  e v id e n c e  t h a t  
t h e  s p l i t t i n g  o f  t h e  m e th y l  s i g n a l  i n  methy l  d e r i v a t i v e s  o f  
p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  can be r e l a t e d  t o  t h i s  i d e a  
o f  h a v i n g  on ly  one t r u e  doub le  bond i n  each  r i n g .  T h i s  doub le  
bond i s  n o t  n e c e s s a r i l y  f i x e d ,  t h e  d i s t r i b u t i o n  w i t h i n  t h e  r i n g  
can be  a f f e c t e d  by s u b s t i t u t i o n  i n  t h e  r i n g  and an  a d d i t i v i t y  
p r i n c i p l e  a c c o u n t i n g  f o r  o n ly  one t r u e  double  bond can be i n f e r r e d .
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7S e c t i o n  1 ,  Benz.vl io  Co u n i  in,0: i n  Sym m e tr ic a l  o~Dimethyl  
and o t h e r  - f e th y l  D e r i v a t i v e s ,
D i s c u s s i o n
The m e th y l  s i g n a l  o f  o - x y l e n e  ( i )  F i g .  1 i s  a ' s h a r p  s i n g l e t  
w h ich  i s  l i t t l e  a f f e c t e d  by d e c o u p l i n g  o f  th e  a r o m a t i c  p r o t o n s  
a s  shown i n  F i g .  1 .  A t r u e  dou b le  bond  c o u ld  o n ly  be l o c a t e d  
i n  t h e  p o s i t i o n s  3 , 4 ? 5 ? 6 . T h i s  n o n - a d j a c e n t  doub le  bond i n  
o - x y l e n e  becomes a p p a r e n t  i n  4 , 5  -  d ib r o m o - o -x y l e n e  I I  F i g .  1 
where t h e  m e th y l  s i g n a l  i s  a  d o u b l e t  w i t h  a s e p a r a t i o n  o f  
0 . 3  Hz.  T h i s  can  b e  e x p l a i n e d  by a s t r u c t u r e  a s  shown i n  F i g . l .
E x t e n s i o n  t o  p o l y m e t h y l a t e d  b enze ne  n u c l e i  c o m p l i c a t e s  
m a t t e r s  a s  an  a s y m m e t r i c a l  a r r a n g e m e n t  . o f  t h e  m e th y l  g ro u p s  
c a u s e s  i n t e r m e t h y l  c o u p l i n g ,  w h ich  a l t h o u g h  s m a l l  t e n d s  t o  
b r o a d e n  t h e  s i g n a l s  w i t h  a c o r r e s p o n d i n g  l o s s  o f  r e s o l u t i o n .  
However t h e  s y m m e t r i c a l  m o le c u le  d u rene  ( i l l )  F i g .  1 h a s  a 
m e th y l  s i g n a l  w i t h  a  s p l i t t i n g  o f  0 . 3  Hz. and s i n c e  t h i s  
r e s u l t s  from two t h r e e - c e n t r e  bonds  t h e  d e g re e  o f  l o c a l i s a t i o n  
must  be r a t h e r  h ig h  i n  t h e s e  p o s i t i o n s  ( i l l )  F i g .  1 .
The m e th y l  s i g n a l  o f  2 ,3  — d i m e t h y l n a p h t h a l e n e  (IV) F i g .  1 
i s  a  r a t h e r  c l e a r  d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 . 5  Hz.
D ecoup l ing  o f  t h e  p r o t o n s  H. and  H p r o d u c e s  a s h a rp  s i n g l e t .
1 4
S u b s t i t u t i o n  o f  by a bromine atom i n c r e a s e s  th e  s e p a r a t i o n
(II ) ( I I I ) (IV) (V) (VI)
P ig. I
ie CH i 
3
o f  sym m etr ic  d i -  and  t e t r a m e t h y l  d e r i v a t i v e s .
Compar ison o f  t h  ^ s i g n a l s  from t h e  n . m . r .  s p e c t r a
Br
•CH
CH
Br
(Va)
t o  0 . 9  Ha.. T h i s  example ( iV a)  shows t h e  a d d i t i v i t y  o f  t r u e
doub le  bond c h a r a c t e r  w h ich  i s  t h e  r e s u l t  o f  r e p u l s i o n  o f
p a r t  o f  one t r u e  d o u b le  bond by t h e  l a r g e  e l e c t r o n  c lo u d
/  11o f  th e  h a l o g e n .  T h i s  c an n o t  be e x p l a i n e d  by Kekule  s t r u c t u r e s .
To i n v e s t i g a t e  w h e th e r  t h e  same s i t u a t i o n  a r i s e s  i n  t h e  
second  r i n g  t h e  s p e c t r u m  o f  2 , 3 >6 , 7  -  t e t r a m e t h y l n a p h t n a l e n e  (v) F i g . l  
was r e c o r d e d .  The s i n g l e  m e th y l  r e s o n a n c e  i s  i n d e e d  a d o u b l e t ,  
b u t  t h e  s e p a r a t i o n  o f  0 . 4 5 Hz . i s  c e r t a i n l y  l e s s  t h a n  in  2 , 3  -  
d i m e t h y I n a p h t h a l e n e  (TV) F i g .  1.  I t  may be r e a s o n a b l e  t o  assume 
t h a t  t h o s e  c i r c u l a r  d e l o c a l i s e d  K -  e l e c t r o n s  w h ich  can m i g r a t e  
t h r o u g h  b o t h  r i n g s  a r e  t o  some e x t e n t  l o c a l i s e d  i n t o  t h e  unsub­
s t i t u t e d  . r i n g  i n  2 , 3  -  d i m e t h y l n a p h t h a l e n e  t h u s  making t h e  s u b s t i t u t e d  
r i n g  l e s s  benzeno.id  and  more r e a c t i v e .  T h i s  can n o t  be t h e  case  
i n  2 , 3 >6 , 7  -  t e t r a m e t h y l n a p h t h a l e n e  and one must c onc lude  t h a t  
t h e s e  c i r c u l a r  d e l o c a l i s e d  71”  e l e c t r o n s  have a s l i g h t  c o u n t e r a c t i n g  
e f f e c t  t o  t h e  t e n d e n c y  t o  l o c a l i s e  t h e  t r u e  doub le  bond a d j a c e n t  
t o  t h e  m e th y l  g r o u p s .
C o r r e s p o n d i n g l y ,  t h e  same e f f e c t  i s  o b s e rv e d  i n  1 ,5  — dibromo -  
2 , 3 ) 6 , 7  -  t e t r a m e t h y l n a p h t h a l e n e  ( V a ) . The low f i e l d  m e thy l  s i g n a l  
i s  s i n g l e t ,  t h e  h ig h  f i e l d  m e thy l  s i g n a l  i s  a  d o u b l e t  w i t h  a 
s e p a r a t i o n  o f  0 . 7  Hz T h i s  r e d u c t i o n  i n  t h e  s p l i t t i n g  o f  t h e  
m e thy l  s i g n a l  compared w i t h  0 . 9  o b s e r v e d  i n  1 -  bromo -  2 , 3  -  
d i m e t h y l n a p h t h a l e n e  (IV) c o n f i r m s  t h e  f i n d i n g s  i n  t h e  p a r e n t  
h y d r o c a r b o n s .
0  4
0-4
0-55
•CH;
-CH
(v h ) (VHt) (IX) (*)
F i g * 2 Comparison o f  CH s i g n a l s  from 
thS  n . m . r .  s p e c t r a  o f  symmetr ic  d im e th y l  
d e r i v a t i v e s .
HC
(X II )
' F i g . 3 CH s i g n a l
HC
(XI)
T h i s  b e i n g  t h e  c a s e  t h e  i n f l u e n c e  o f  t h e  c i r c u l a r  d e l o c a l i s e d  
IX— e l e c t r o n s  must  be  f u r t h e r  r e d u c e d  i n  2 , 3  -  d i m e t h y l a n t h r a c e n e  
(71) F i g .  1 w h ich  a s  e x p e c t e d  h a s  a m e th y l  d o u b l e t  w i t h  a l a r g e r  
s e p a r a t i o n  o f  O. 65  Hz'. I n  p a s s i n g  f rom b enzene  t o  n a p h t h a l e n e  
and a n t h r a c e n e  d e r i v a t i v e s  a d i s t i n c t  a n n e l l a t i o n  e f f e c t  i s  t h u s  
o b s e r v e d .
Up t o  t h i s  p o i n t  o n ly  t h e  e f f e c t s  o f  l i n e a r  a n n e l l a t i o n  on t h e  
m agn i tude  o f  t h e  m e th y l  s p l i t t i n g s  have b e e n  d i s c u s s e d  and  i t -  
seemed w o r th w h i l e  t o  c o n s i d e r  t h e  e f f e c t s  o f  a n g u l a r  a n n e l l a t i o n .  
However e x a m i n a t i o n  o f  t h e  m e th y l  r e s o n a n c e  o f  6 , 7  -  d i m e t h y l -  
t e t r a p h e n e  (Xl)  and 9>10 -  d im e t h y l  -  3 , 4  -  b e n z o t e t r a p h e n e  
( X I l )  showed t h a t  t h e  asymmetry o f  t h e  m o lecu le  gave r i s e  t o  two 
m e th y l  s i g n a l s  w i t h  such  s i m i l a r  c h e m ic a l  s h i f t s  t h a t  t h e  s m a l l e r  
l o n g - r a n g e  c o u p l i n g s  were n o t  d e t e c t a b l e .  The m e th y l  s i g n a l  o f
(XI)  i n  p a r t i c u l a r  had  an  e x t r e m e l y  odd shape a s  i n d i c a t e d  i n  
t h e  f i g u r e  3 : a p p a r e n t l y  a t r i p l e t  a r i s i n g  f rom t h e  s u p e r p o s i t i o n  
o f  t h e  two m e th y l  d o u b l e t s .  D e c o u p l in g  t h e  p r o t o n s  and H g 
gave r i s e  t o  t h e  i n d i v i d u a l  m e th y l  s i g n a l s  w i t h  a che m ic a l  s h i f t  
d i f f e r e n c e  o f  o n ly  0 .0 1 3  p . p . m .  However,  t h e  s i n g l e  m e th y l  s i g n a l  
o f  t h e  s y m m e t r i c a l l y  s u b s t i t u t e d  2 , 3  -  d i m e t h y I t r i p h e n y l e n e  ( V I l )  
F i g .  2 shows a s e p a r a t i o n  o f  0 . 4  Hz* T h i s  v a l u e  i s  lo w e r  t h a n  i n
2 , 3 - d i m e t h y l n a p h t h a l e n e  ( 0 . 5  Hz«) an(i 2 ,3 > 6 ,7  -  t e t r a m e t h y l — 
n a p h t h a l e n e  ( 0 .4 5  Hz*)> s l i g h t l y  g r e a t e r  t h a n  i n  d ib ro m o -  
o - x y le n e  and  du ren e  ( 0 . 3  Ez«)«
( m i ) (xma)
(Xa) (Xb)
HC
H C
(Xb)
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T r i p h e n y l e n e  i s  b e s t  f o r m u l a t e d  w i t h  t h r e e  a r o m a t i c  s e x t e t s  i n  
t h e  e x t e r n a l  r i n g s  a s  can  he s e e n  from t h e  d iag ram  ( X I I I ) .  The 
a l t e r n a t i v e  s t r u c t u r e  w i t h  t h e  m idd le  r i n g  an  i n h e r e n t  s e x t e t
/  N1 2does  n o t  seem f e a s i b l e  a s  i t  o n ly  h a s  one s e x t e t  ( X l l l a ) . There
i s  a l s o  e v id e n c e  from d i a m a g n e t i c  a n i s o t r o p y  m easurem ents  w hich
d e m o n s t r a t e  c l e a r l y  t h a t  t h e  e l e c t r o n  d e n s i t y  i n  t h e  c e n t r a l  r i n g
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amounts  t o  on ly  h a l f  o f  an  a r o m a t i c  r i n g .  I t  i s  t h e r e f o r e  
u n d e r s t a n d a b l e  t h a t  t h e  s p l i t t i n g  o f  t h e  m e th y l  d o u b l e t  i s  
be tw e e n  t h e  above m e n t io n e d  ben ze n e  and  n a p h t h a l e n e  d e r i v a t i v e s .
R e t u r n i n g  t o  t h e  a n n e l l a t i o n  e f f e c t  o b s e rv e d  i n  t h e  acene  
s e r i e s ,  t h e  m e thy l  d o u b l e t  o f  6 , 7  -  d im e t h y l  -  1 ,2*3>4 -  d i b e n -  
z a n t h r a c e n e  (IX) P i g .  2 h a s  a s e p a r a t i o n  o f  0 . 5 5  Hz,' T h i s  i s  
in d e e d  l a r g e r  t h a n  t h e  s p l i t t i n g  in  2 , 3  ~ d i m e t h y l t r i p h e n y l e n e  
( V I l )  F i g .  2 y e t  i s  s m a l l e r  t h a n  t h e  v a l u e  r e c o r d e d  f o r  2 ,3  -  
dime th y  l a n t h r a c e n e  0 . 6 5  Hz* The ef feckt  o f  t h e  l i n e a r l y  
a n n e l l a t e d  r i n g  has  i n c r e a s e d  th e  s p l i t t i n g  p a s s i n g  f rom 2 , 3  -  
d i m e t h y l t r i p h e n y l e n e  t o  6 , 7  -  d im e t h y l  -  1 ,2 ^ 3 )4  -  d i b e n z a n t h r a c e n e ,  
y e t  t h e  e f f e c t  o f  a n g u l a r  a n n e l l a t i o n  t o  t h e  1 , 2  and 3?4 p o s i t i o n s  
o f  t h e  a n t h r a c e n e  d e r i v a t i v e  h a s  r e d u c e d  t h e  v a l u e ,  j u s t  a s  i n  go ing  
from 2 ,3  -  d i m e t n y l n a p h t h a l e n e  t o  2 ,3  -  d i m e t h y l t r i p h e n y l e n e .
The magnitude  o f  t h e  s p l i t t i n g  i n  2 , 3  -  d i m e t h y l t r i p h e n y l e n e
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can be u s e f u l l y  a p p l i e d  when c o n s i d e r i n g  t h e  sp ec t ru m  of  2*,3* -  
d im e th y l  -  1 , 2 J 6 , 7  -  d i b e n z o p y r e n e  (X) P i g .  2.  The m e thy l  s i g n a l  
i s  a  d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 . 4  Hz,.  which  i s - e x a c t l y  t h e
same v a l u e  a s  r e c o r d e d  f o r  2 , 3 - d i m e t h y l t r i p h e n y l e n e , T h i s
l e a d s  t o  t h e  a s su p ip t io n  t h a t  t h e  a r o m a t i c  c o n j u g a t i o n  o f  t h e
t r i p h e n y l e n e  complex (marked w i t h  shadow) and an  empty r i n g
"E" dom ina te  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h i s  m o le c u le  (X a) .
I f  b o t h  me thy l  g ro u p s  were  c o n n e c t e d  t o  t h e  p h e n y le n e  r i n g
a d j a c e n t  t o  t h e  empty r i n g  ME" ,  t h e n  no s p l i t t i n g  o f  t h e  methy l
s i g n a l  s h o u ld  be o b s e r v e d  a s  i n  o - x y l e n e .  In  t h e  c a s e  o f  t h e
e l e c t r o n i c  s t r u c t u r e  r e s o n a t i n g  be tw ee n  t h e s e  two s t r u c t u r e s , -
t h e  m e thy l  s p l i t t i n g  s h o u ld  be h a l fw a y  be tw een  0 and 0 . 4  Hz, w hich
i s  o b v i o u s l y  n o t  t h e  c a s e .  T h i s  a sy m m etr ic  e l e c t r o n i c  s t r u c t u r e
f o r  l , 2 : 6 , 7 “ d ib e n z o p y re n e  and  i t s  h i g h e r  b e n z o l o g u e s  has
U
a l r e a d y  b e e n  deduced  from t h e  e l e c t r o n i c  s p e c t r a .  I t  i s  
i n t e r e s t i n g  t o  s p e c u l a t e  wihat t h e  m agn i tude  o f  th e  s p l i t t i n g  
would  be  i n  2* , 3 '  , 2 ,,, 3 t' - - ' k e t r a f l i e t h y l - l , 2 : 6 , 7 - d i b e n z o p y r e n e  (Xb) i n  
t h e  l i g h t  o f  t h e  m e th y l  s i g n a l s  o f  2 , 3 - d i m e t h y l n a p h t n a l e n e  and 
2 , 3 , 6 , 7 - t e t r a m e t h y l n a p h t h a l e n e .  One ’would c e r t a i n l y  e x p e c t  a 
v a l u e  w h ich  would be a b o u t  h a l fw ay  be tw een  0 and 0 .4  Hz. i f  
each  s t r u c t u r e  c o n t r i b u t e d  e q u a l l y .  O th e rw is e  one would  have 
two i n d i v i d u a l  m e th y l  s i g n a l s ,  a  s i n g l e t  f o r  t h e  o - x y le n e  p a r t ,  
and  a d o u b l e t  w i t h  J = 0 . 4  Hz. f o r  t h e  t r i p h e n y l e n e  p a r t .
The fo rm er  e x p l a n a t i o n  c e r t a i n l y  a p p e a r s  most  l i k e l y ,  b u t  t h e  
p rob lem re m a in s  u n s o l v e d .
Having d e a l t  w i t h  s y m m e t r i c a l l y  s u b s t i t u t e d  d im e th y l  d e r i v a t i v e s  
o f  m o l e c u le s  w i t h  on ly  h e x a g o n a l  r i n g s  i t  i s  i n t e r e s t i n g  t o  compare 
t h e  r e s u l t s  w i t h  t h o s e  o f  f l u o r a n t h e n e  d e r i v a t i v e s  w hich  c o n t a i n
(XVb)
CH
(XVI)
CH
(XVIa)
CH
(XVII) CH
CH
CH
CH
(XVIII) (XIX)
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a  f i v e  membered r i n g .  No s p l i t t i n g  can be o b s e rv e d  i n  t h e  m e thy l
s i g n a l  o f  t i , 9 - d i m e t h y l f i u o r a n t h e n e  ( V I I I )  P i g .  2 .  D eco u p l in g  o f
t h e  a d j a c e n t  a r o m a t i c  p r o t o n s ,  H and H has  v e r y  l i t t l e  e f f e c t
15 7 8 ’a s  shown by t h e  b l a c k  a r e a .  One must  t h e r e f o r e  assume a  s i m i l a r
e l e c t r o n i c  s t r u c t u r e  f o r  th e  r i n g  a t t a c h e d  t o  t h e  m e thy l  g roups
a s  i n  o - x y l e n e .  T h i s  a p p e a r s  even  more r e a s o n a b l e ,  s i n c e  7 >10-
d i m e t h y l f l u o r a n t h e n e  (XIV) a l s o  shows no m e thy l  d o u b l e t  b u t  a
r a t h e r  s h a r p  s i n g l e t ,  v e r y  l i t t l e  a f f e c t e d  by d e c o u p l i n g  o f  th e  
15
p r o t o n s  H and H . I n  t h i s  case  t h e  r i n g  w i t h  t h e  m e thy l  
5 9
y 11s u b s t i t u e n t s  must be c l o s e l y  r e l a t e d  t o  p - x y l e n e .
A no the r  s t r i k i n g  example w h ich  c o n t r i b u t e s  t o  t h e  i d e a  o f
d i m i n u t i o n  o f  t h e  s p l i t t i n g  o f  t h e  m e th y l  r e s o n a n c e  by  t h e
c i r c u l a r  d e l o c a l i s e d  Tt— e l e c t r o n s  i s  found  i n  c h r y s e n e .  Chrysene
can b e s t  be f o r m u l a t e d  w i t h  two s e x t e t s  f r e e  t o  m i g r a t e  a s  shown
(XVa,b) .  2 - M e th y l c h r y s e n e  (XVI) shows t h e  c h a r a c t e r i s t i c  m e thy l
7
d o u b l e t  w i t h  a s p l i t t i n g  o f  l . l l i z  f o r  a m o le c u le  w i t h  th e
m e th y l  a t t a c h e d  in  an  " a n g l e 11 p o s i t i o n .  T h i s  means t h a t  t h e  b e s t
f o r m u l a t i o n  to  e x p l a i n  t h e  s i z e  o f  t h e  s p l i t t i n g  i s  a s  i n d i c a t e d
(XVIa) w i t h  a p h e n a n t h r e n e  ty p e  dou b le  bond .  E x p a n s io n  o f  t h e
m e th y l  d o u b l e t  o f  2 , b - d i m e t h y l c h r y s e n e  (XVII)  shows a s e p a r a t i o n
o f  o n ly  0 . 7  Hz. w h ich  i s  s u b s t a n t i a l l y  l e s s  t h a n  t h e  v a l u e
o b s e r v e d  f o r  t h e  monomethyl  d e r i v a t i v e .  T h i s  was p r e v i o u s l y
7
t h o u g h t  t o  be a b r o a d  s i n g l e t  due t o  p o o r  r e s o l u t i o n .
However a l t h o u g h  2 - m e t h y l c h r y s e n e  (XVIa) can r e a d i l y  adop t
(XX)
C H CH
(XXI), R = H (XXIII), R * H
(XXII), R * CH3 (XXIV), R = CH3
•  D ecoupled
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a p h e n a n t h r e n e  ty p e  o f  s t r u c t u r e  w i t h  a f i x e d  dou b le  bond t h i s  
i s  n o t  p o s s i b l e  f o r  b o t h  m e th y l  g ro u p s  i n  t h e  d im e t h y l  d e r i v a t i v e  , 
Each m e thy l  i n  t u r n  w i l l  be a t t a c h e d  t o  a r i n g  w hich  i s  e f f e c t i v e l y  
an i n h e r e n t  s e x t e t ,  w h i l e  t h e  o t h e r  m e th y l  i s  a t t a c h e d  t o  a 
p h e n a n t h r e n e  ty p e  o f  doub le  b o n d u( X V I I a ) . The n e t  r e s u l t  i s  a 
compromise s i t u a t i o n  i n  w h ich  t h e r e  i s  a  c o r r e s p o n d i n g l y  s m a l l e r  
s p l i t t i n g  o f  t h e  m e th y l  s i g n a l ,  t h e  r e s u l t  o f  t h e  a v e r a g e  o f  two 
e x t r e m e s .  T h i s  i s  r e p e a t e d  i n  t h e  a n a l o g o u s  s e r i e s  4 - m e t h y l -  
a n t h r a c e n o - ( 2 * , 1 ’ : 1 , 2 ) -  a n t h r a c e n e  (X VII l )  and 4 , 4 ’ -  d i m e t h y l -  
a n t h r a c e n o - ( 2 1, 1 ‘ : 1 , 2 ) - a n t h r a c e n e  (XIX) where t h e  s p l i t t i n g  
o f  t h e  m e th y l  s i g n a l s  a r e  1 . 1  and O. 85  Hz* r e s p e c t i v e l y ,  
a l t h o u g h  th e  fo rm e r  compound i s  v e r y  i n s o l u b l e  and t h e  s p ec t ru m  
i s  d i f f i c u l t  t o  r e c o r d .  T h i s  s m a l l e r  d i f f e r e n c e  i n  s p l i t t i n g  
be tw een  t h e  monomethyl- and t h e  d im e th y l  compound a l s o  f i t s  w e l l ,  
a s  t h e  c i r c u l a r  d e l o c a l i s e d  Tt - e l e c t r o n s  a r e  now s p r e a d  over  
more r i n g s  and  a n  a n n e l l a t i o n  e f f e c t  s i m i l a r  t o  t h a t  o b s e rv e d  
f o r  b e n z e n e ,  n a p h t h a l e n e  and a n t h r a c e n e  i s  r e p e a t e d .
A f u r t h e r  c o n f i r m a t i o n  o f  t h i s  g e n e r a l  i d e a  can be made by
16
c o n s i d e r i n g  t h e  m e th y l  d e r i v a t i v e s  o f  I s 1 2 - b e n z o p e r y l e n e .
The p a r e n t  compound, 1 : 1 2 - b e n z o p e r y l e n e  i s  b e s t  f o r m u l a t e d  w i t h  
t h r e e  i n h e r e n t  s e x t e t s ,  a s  shown (XX) w i t h  two in d u c ed  s e x t e t s  
and  l o c a l i s e d  doub le  bonds  i n  t h e  2 , 3  and 10 ,11  p o s i t i o n s ,  
e x a c t l y  a s  found  f o r  p h e n a n t h r e n e .  The m e thy l  s i g n a l s  o f  b o th
3-methy' l  and 3 j l u - d i m e t h y  1 - 1 : 1 2 - b e n z o p e ry l e n e  (XXI,XXIl)  a r e
14.
16
c l e a r  d o u b l e t s  w i t h  a s e p a r a t i o n  o f  1 . 1  Ha. The c o r r e s p o n d i n g
m e th y l  s i g n a l s  o f  b o t h  t h e  4 - r a e th y l  and 4>9 - d i m e t h y l  d e r i v a t i v e s
( X H I I I j XXIY) a r e  b r o a d  s i n g l e t s .  However d e c o u p l i n g  o f  t h e
p r o t o n s  H and H , K i n  t h e  me ta  p o s i t i o n s  (marked w i t h  d o t s . )
6 6 7
p r o d u c e s  a d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 , 6  Ha. T h i s  c l e a r l y
shows t h a t  t h e  2 ,3  and  10 ,11  bonds  a r e  s i m i l a r  to  t h e  midd le
9 , 1 0  bond o f  p h e n a n t h r e n e  w i t h  a h i g h  d e g re e  o f  doub le  bond
c h a r a c t e r  i n d i c a t e d  by t h e  l a r g e  c o u p l i n g  c o n s t a n t ^ w h i l e  t h e
16
r e m a i n i n g  r i n g s  must  be i n h e r e n t  s e x t e t s .
The o v e r a l l  e l e c t r o n i c  a r r a n g e m e n t  i n  I s  1 2 - b e n z o p e ry l e n e  i s  
t h e r e f o r e  f i x e d  and  t h e  s e x t e t s  a r e  n o t  f r e e  t o  m i g r a t e .
T h e r e f o r e  t h e  monomethyl and c o r r e s p o n d i n g  d i m e th y l  d e r i v a t i v e s  
have e x a c t l y  s i m i l a r  m e th y l  s i g n a l s  a s  t h e y  a r e  b o t h  i n  t h e  same 
e l e c t r o n i c  e n v i r o n m e n t j u n l i k e  t h e  monomethyl and d im e t h y l  d e r i v a t i v e  
d i s c u s s e d  i n  t h e  p r e v i o u s  exam ples .
I t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  above r e s u l t s  on t h e  b a s i s  
o f  r i g o r o u s  E e k u l e  s t r u c t u r e s  w i t h  t h r e e  doub le  b o n d s ,  b u t  
t h e y  can  be r a t i o n a l i s e d  t o  a l a r g e  e x t e n t , b y  assum ing  t h e r e  
i s  o n ly  one t r u e  m ob i le  doub le  bond i n  ea c h  b e n z e n o id  r i n g .
T h i s  would  be p l a c e d  i n  t h e  l o w e s t  o r b i t a l  o f  t h e  t h r e e  T X -o rb i t a l s  
and i t s  d i s t r i b u t i o n  can r e a d i l y  be  i n f l u e n c e d  by s u b s t i t u t i o n  
i n  t h e  r i n g  a s  w i l l  be shown i n  t h e  f o l l o w i n g  s e c t i o n .
15.
S e c t i o n  2. The E f f e c t  o f  S u b s t i t u e n t s  on t h e  O bse rved
C o u p l in g s  i n  Tlethyl  D e r i v a t i v e s .
D i s c u s s i o n
As s t a t e d  a l r e a d y  t h e  m e thy l  s i g n a l  o f  o ~ x y l e n e ( v ) F i g .  I  i s  
a s i n g l e t ^ a n d  t h a t  o f  4 >5“ H ib ro m o -o -x y le n e  (Vl)  F i g .  l j  a  d o u b l e t  
w i t h  a s e p a r a t i o n  o f  0 . 3  Hz. As shown,f>-xylene ( I I I )  F i g .  1 
a l s o  shows a s h a r p  s i n g l e t  m e th y l  s i g n a l  and d e c o u p l i n g  t h e  
a r o m a t i c  p r o t o n s  h a s  v e r y  l i t t l e  e f f e c t .  2 , 5 -D ib ro m o -p -x y le n e  
m  F i g .  1 has  a m e thy l  s i g n a l  w hich  i s  j u s t  s t a r t i n g  t o  s p l i t  
w i t h  a  s e p a r a t i o n  o f  0 . 2  Hz. L o c a l i s a t i o n  i n  t h i s  c a s e  does  
n o t  a p p e a r  t o  o c c u r  t o  t h e  same e x t e n t  a s  i n  d ib r o m o - o - x y l e n e .  
m-Xylene (V I I )  F i g .  1 i s  a  l e s s  s y m m e t r i c a l  m o le c u le  and 
c o r r e s p o n d i n g l y  th e  a r o m a t i c  p r o t o n s  a r e  no l o n g e r  a s i n g l e  
s i g n a l .  The m e th y l  r e s o n a n c e  i s  a  d e c e p t i v e l y  s im p le  q u a r t e t ,  
w i t h  a mean s p l i t t i n g  o f  0 . 5  Hz. 4 , 6-Dibroino~m-xylene ( V I I l )  
F i g .  1 shows a q u a r t e t  m e thy l  r e s o n a n c e  r e s u l t i n g  from o r t h o  
and me ta  c o u p l i n g  w i t h  t h e  a r o m a t i c  p r o t o n s .  D ec o u p l in g  o f  
t h e  p r o t o n  , p r o d u c e s  a s h a rp  d o u b l e t  w i t h  a s e p a r a t i o n  o f  
O. 65  Hz. ( V i l l a )  F i g .  1.  In  t h i s  c a s e  t h e r e  must  be a h i g h  
d e g re e  o f  l o c a l i s a t i o n  i n  t h e  t h r e e  c e n t r e  bond  ( V I I I , V i l l a ) .
I t  was a l s o  shown e a r l i e r  t h a t  t h e  m e th y l  s i g n a l s  o f  2 , 3 -  
d i m e t h y l n a p h t h a l e n e  (IX) and 2 , 3 - d i m e t h y l a n t h r a c e n e  (X) were 
d i s t i n c t  d o u b l e t s  w i t h  s e p a r a t i o n s  o f  0 . 5  and O. 65  H z ,
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16 .
r e s p e c t i v e l y ,  t h e s e  a r e  shown i n  F i g .  2 .  I t  i s  an amazing f a c t
/
t h a t  th e  m e thy l  s i g n a l s  o f  1 , 4 - d i m e t b y I n a p h t h a l e n e  ( X I I )  and
•/
1 , 4 - d i m e t h y l a n t h r a o e n e  (X III .  ) F i g .  2 a l t h o u g h  d o u b l e t s  have
11s p l i t t i n g s  o f  o n ly  0 . 2  and  0 . 3  Hz., r e s p e c t i v e l y .  D ecoup l ing  o f
marked by d o t s )  a l s o  shows
t h a t  t h e  d e g re e  o f  c o u p l i n g  i s  v e r y  s m a l l  ( X l l a , X l l l a )  and h a r d l y
c o n s i s t e n t  w i th  50^  doub le  bond c h a r a c t e r  in  t h e  bond a d j a c e n t
11t o  t h e  m e thy l  g r o u p .  The e l e c t r o n i c  a r r a n g e m e n t  o f  t h e  doub le
bonds  i n  t h i s  c a s e  must  be d i f f e r e n t  and  a p o s s i b l e  e x p l a n a t i o n
i s  shown i n  F i g .  2 w h ich  compares  t h e  two a n n e l l a t i o n  s e r i e s  f o r
1 ,4  and 2 , 3 -  d i s u h s t i t u t e d  a c e n e s
An i n t e r e s t i n g  p i e c e  o f  chem ica l  e v i d e n c e  w hich  adds  some
w e ig h t  t o  t h i s  i d e a  i s  t h e  o z o n i s a t i o n  e x p e r i m e n t s  o f  
17Wibaut and o t n e r s  who i n v e s t i g a t e d  t h e  d i s t r i b u t i o n  o f  doub le  
bonds  i n  benzene  and n a p h t h a l e n e  d e r i v a t i v e s .  An ‘ a p r i o r i ’ 
c o n s i d e r a t i o n  o f  t h e  o x i d a t i o n  p r o d u c t s  o f  2 , 3 - d i m e t n y l n a p h t h a l e n e  
would  l e a d  one t o  e x p e c t  a  y i e l d  o f  d i m e t h y l g l y o x a l  and 
m e t h y l g l y o x a l  i n  th e  r a t i o  1 :2  p r o v i d e d  a l l  t h r e e  bonds  
were e q u a l  i n  dou b le  bond c h a r a c t e r .  E x p e r i m e n t a l l y  however 
t h i s  r a t i o  i s  found  t o  be 1 0 : 1 .  S i m i l a r l y  t h e  e x p e c t e d  r a t i o  
o f  m e t n y l g l y o x a l  and g l y o x a l  f rom t h e  c o r r e s p o n d i n g  o x i d a t i o n  
o f  1 , 4 - d i m e t h y l n a p h t h a l e n e  would by 2 : 1 ,  e x p e r i m e n t a l l y  i t  i s  
found  t o  be on ly  1 : 4 .  T h i s  l a t t e r  ca se  a l t h o u g n  n o t  a s  c o n v i n c in g  
a s  t h e  fo rm e r  does  i n d i c a t e  a  t e n d e n c y  f o r  th e  a r r a n g e m e n t  shown
th e  a r o m a t i c  p r o t o n s ,  and H (
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17.
i n  T a b le  1.  However one p o i n t  i s  v e r y  c l e a r :  t h e  m e th y l  s i g n a l  
o f  l , 5 - d i b r o m o - 2 , 6 - d i m e t h y l n a p h t h a l e n e  F i g .  3 i s  a v e r y  s h a r p  
s i n g l e t  w i t h  no e v i d e n c e  o f  c o u p l i n g  v / i th  t h e  a r o m a t i c  p r o t o n s .  
D e c o u p l in g  t h e  p r o t o n s  and H ^ c a u s e s  v e r y  l i t t l e  s h a r p e n i n g  
o f  t h e  m e thy l  s i g n a l  and  t h e r e  i s  even  l e s s  o f  an  e f f e c t  o n  decoup­
l i n g  t h e  p r o t o n s  H' and  H0 (marked  by p o i n t s )  F i g .  3«
4 o
T h e r e f o r e ^ t h e r e  can be l i t t l e  or  no c o u p l i n g  a c r o s s  t h e  2 , 3  o r  
6 , 7  bonds  i n  t h i s  n a p h t h a l e n e  d e r i v a t i v e  and i t  a p p e a r s  t h a t  
t h e  t r u e  d o u b le  bond i n  e a c h  r i n g  w i l l  be m o s t l y  l o c a l i s e d  i n  
the  p o s i t i o n s .  T h i s  i s  c o n f i rm e d  by t h e  s p e c t ru m  o f  
1 , 2 , 5 > 6 - t e t r a m e t h y l n a p h t h a l e n e  F i g .  4^ 1 ^  w h ich  t h e  m e th y l  s i g n a l s  
a l t h o u g h  b r o a d e r  due t o  a d j a c e n t  i n t e r m e t h y l  c o u p l i n g  a r e  l i t t l e  
a f f e c t e d  by  d e c o u p l i n g  t h e  a r o m a t i c  p r o t o n s  H , H , H and H
3 4 7 8
(marked w i t h  p o i n t s )  F i g .  4« The above e v i d e n c e  can  be compared
f a v o u r a b l y  w i t h i h e  f i n d i n g s  i n  l , 6 - d i m e t h y l - 3 , 4 » 5 , 9 , 1 0 -
h e x a h y d ro p y re n e  F i g .  5 ^ i n  w h ich  t h e  r e m a i n i n g  a r o m a t i c  p a r t  o f
t h e  m o l e c u le  i s  e f f e c t i v e l y  a n a p h t h a l e n e  complex and t h e r e  i s
no e v i d e n c e  o f  c o u p l i n g  be tw ee n  t h e  m e th y l  g roup  and t h e  a r o m a t i c
p r o t o n  a c r o s s  the{3^ |3 p o s i t i o n .  T h i s  was a l s o  shown q u i t e
c o n c l u s i v e l y  i n  a r e c e n t  p a p e r  (w h ich  w i l l  be d i s c u s s e d  l a t e r j .
The compound (IX) h a s  a m e th y l  s i g n a l  w h ich  i s  a  s h a r p  s i n g l e t
19
and t h e  a r o m a t i c  p r o t o n  i s  a l s o  , a  s h a r p  s i n g l e t .
I t  must  be c o n c l u d e d  t h a t  t h e r e  i s  no t r u e  do u b le  bond 
be tw ee n  t h e  f t p  p o s i t i o n s  i n  t h e s e  n a p h t h a l e n e  d e r i v a t i v e s  and
B r
( V y c h '
Br
.CH-
Br Br Br
u ^ c h ,  CCtOOp CQ 00
( X )  0 < l a ) C H 3  C»b)CH3 (X IC)  C H 3
g, 6. CH^ NMR signals-of l-brotno-2.3-dime thy Inaphthalene and 4-bromo-l-methylnaphthalene 
$2 at 60 M.Hz. Decoupled protons are marked »vith points} bjack area after decoupling.
CH
(XIII)
Ob.
(XII)
18.
t h a t  i t  must  be l o c a l i s e d  i n  t h e ( X , p  p o s i t i o n s .  However t h i s
does  n o t  e x p l a i n  t h e  s m a l l  o b s e rv e d  c o u p l i n g s  i n  1 , 4 - d i m e t h y l -
n a p h t h a l e n e  and 1 ,4  d i m e t h y l a n t h r a c e n e  u n l e s s  t h e r e  i s  a  d i f f e r e n t
e l e c t r o n i c  a r r a n g e m e n t  a s  s u g g e s t e d .
I t  was n o t e d  e a r l i e r  t h a t  s u b s t i t u t i o n  o f  a b rom ine  atom
a t  t h e  1 p o s i t i o n  i n  2 , 3 - d i m e t h y I n a p h t h a l e n e  ca u s e d  an  i n c r e a s e
i n  t h e  c o u p l i n g  be tw ee n  t h e  m e thy l  s u b s t i t u e n t  i n  t h e  3 p o s i t i o n
and t h e  p r o t o n  H , o r t h o  t o  i t .  (X,Xa) F i g .  6 .  The m e thy l  
4
s i g n a l  o f  1 - m e t h y I n a p h t h a l e n e  i s  an  a sy m m etr ic  d o u b l e t  ( t h i s
w i l l  be d i s c u s s e d  l a t e r )  w i t h  a  s p l i t t i n g  o f  t h e  o r d e r  o f  0 . 7  Hz
The c o r r e s p o n d i n g  s i g n a l  o f  t h e  m e th y l  g roup  i n  1—b ro m o -4 n n e th y 1 -  
11
n a p h t h a l e n e  i s  a  s y m m e t r i c a l  d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 .9 5  Hz* 
(XIa)  F i g .  6 .  The s h o u l d e r s  on eac h  arm o f  t h e  d o u b l e t  due t o  
meta  c o u p l i n g  ( 0 .2 5  H z* )can  be removed by d e c o u p l i n g  t h e  p r o t o n  
H2 (Xlb) F i g .  6 .  The s i g n a l  i s  a l s o  s h a r p e n e d  t o  a  s i n g l e t  
when t h e  p r o t o n  H^ , o r t h o  t o  t h e  m e th y l  g roup  i s  d e c o u p le d  (XIc) 
F i g .  6 .  T h i s  i s  r e a d i l y  c o n f i rm e d  by t h e  c o r r e s p o n d i n g  1 - c h l o r o -  
4 - m e t h y l a n t h r a c e n e  ( X I l ) .  The d o u b l e t  m e thy l  s i g n a l  ha s  a s e p a r a t i o n  
o f  1 . 0  Hz.  compared w i t h  t h e  a sy m m etr ic  s i g n a l  o f  1 - m e t h y l -  
a n t h r a c e n e  ( X I I l )  w h ich  h a s  a s e p a r a t i o n  o f  6 .7 5  Hz.* D ecoup l ing  
o f  t h e  a r o m a t i c  p r o t o n s  h a s  t h e  same e f f e c t  a s  d e s c r i b e d  above .
T h i s  new c o u p l i n g  be tw ee n  th e  m e th y l  and t h e  a d j a c e n t  o r t h o  p r o t o n  
i s  t h e r e f o r e  much l a r g e r  t h a n  t h e  c o u p l i n g s  r e c o r d e d  f o r  e i t h e r
1 , 4 - h i m e t h y l n a p h t h a l e n e  o r  1 , 4 - d i m e t h y l a n t h r a c e n e  F i g . 2.
One can o n ly  co n c lu d e  t h a t  by some mechan ism p o s s i b l y  e l e c t r o n
r e p u l s i o n  t h e  h a l o g e n  s u b s t i t u e n t  h a s  f a v o u r e d  dou b le  bond
f i x a t i o n  a s  i n d i c a t e d  i n  ( X I a , b , c )  F i g .  6 .
Very r e c e n t l y  a p a p e r  d e a l i n g  w i t h  doub le  bond  f i x a t i o n
- in  s u b s t i t u t e d  2 - m e t h y l n a p h t h a l e n e  d e r i v a t i v e s  has  b e e n  
19
p u b l i s h e d .  The a u t h o r s  f i n d  t h a t  f o r  compounds o f  t h e  ty p e
shown (XIV) t h e  m e th y l  s i g n a l  i s  n o t  a  d o u b l e t  b u t  a  b r o a d
s i n g l e t  o f  h a l f  w i d t h  0 . 5  Hz > F u r t h e r  s u b s t i t u t i o n  a t  th e
3 p o s i t i o n  (marked w i t h  a d o t )  (Xiv) c a u s e s  t h e  m e thy l  s i g n a l
t o  r e s o n a t e  a s  a  d o u b l e t  w i t h  a s e p a r a t i o n  o f  1 . 0  Hz. They
i n f e r  from t h i s ,  t h a t  a  s u b s t i t u e n t  i n  t h e  3 p o s i t i o n  i s
t h e r e f o r e  more i m p o r t a n t  i n  l o c a l i s i n g  t h e  doub le  bond i n
th e  1 , 2  p o s i t i o n  t h a n  a s u b s t i t u e n t  i n  t h e  4  p o s i t i o n .
However^they  have o n ly  d e a l t  w i t h  d e r i v a t i v e s  w i t h  t h e  m e thy l
group  i n  che 2 p o s i t i o n  and  have o n ly  c o n s i d e r e d  compounds i n
w hich  b o t h  t h e  3 and  4 p o s i t i o n s  a r e  s u b s t i t u t e d ^ b u t  have n o t
lo o k e d  a t  a  compound which  has  a s u b s t i t u e n t  on ly  i n  t h e  3
p o s i t i o n ,  N e v e r t h e l e s s  b o t h  a p p r o a c h e s  show t h a t  t h e  e l e c t r o n i c
a r r a n g e m e n t  a p p e a r s  t o  be d i f f e r e n t  f o r  1 -m e th y l  and  2 -m e th y l
s u b s t i t u t e d  d e r i v a t i v e s  and t h a t  b o t h  c a s e s  a r e  a f f e c t e d  by
a d d i t i o n a l  s u b s t i t u e n t s .
T h i s  i s  f u r t h e r  d e m o n s t r a t e d  i n  d e r i v a t i v e s  o f  t ' o l u e n e .  F i g .  7.
20
The m e th y l  s i g n a l  o f  t o l u e n e  i s  an u n r e s o l v a b l e  b road  s i n g l e t .
4 -S ro m o to lu e n e  (XV) p r o d u c e s  a  m e thy l  s i g n a l  w hich  i s  e s s e n t i a l l y
R
(XIV)
CHj sin g le t, Jji?idth=0 . 5HZ.
I?
(XlVa)
CH.. doublet • 2nu « -1*0 Hz* 3
095
/
CH, CH, CH , CH,
Br Br Br Br
(kv) (XVa) (XVI) (XVI&)
Pig* 7* Comparison of the methyl signals from the 
N.m.r* spectra of toluene and i t s  bromo- derivatives*
CH
J« 0.63 Hz
a  s e p t e t  produced.- by f i r s t  o r d e r  o v e r l a p p i n g  t r i p l e t  o f  t r i p l e t .
The d o u b le  bond i s  l o c a t e d  a s  a t h r e e - c e n t r e  bond a d j a c e n t  t o  t h e
m e thy l  a s  shown by d e c o u p l i n g  o f  t h e  meta  p r o t o n s  w h ich  r e d u c e s
t h e  m e th y l  s i g n a l  t o  a c l e a r  t r i p l e t  w i t h  a s e p a r a t i o n  o f  0 . 6  Hz.
(XVa) F i g .  7 .  I n  2 ,4  > 5” t r i b r o m o t o l u e n e  (XVl) F i g .  7 "the m e thy l
s i g n a l  i s  a  c l e a r  d o u b le  d o u b l e t .  D eco u p l in g  o f  t h e  p r o t o n
w h ich  i s  i n  a  p o s i t i o n  meta  t o  t h e  m e th y l  g roup  p r o d u c e s  a d o u b l e t
w i t h  a s e p a r a t i o n  o f  0 . 9 5  Hz* (XVIa) F i g .  7> w h ich  i s  t h e  h i g h e s t
21v a l u e  y e t  o b s e r v e d  i n  a  t o l u e n e  d e r i v a t i v e  and i s  n o t  much 
d i f f e r e n t  from t h e  d o u b l e t  s e p a r a t i o n  ( 1 . 0  Hz») i n 9-i:iiethyl~ 
p h e n a n t h r e n e .  T h i s  can o n ly  be e x p l a i n e d  by a h i g h  d e g re e  o f  
l o c a l i s a t i o n  o f  t h e  d o u b le  bond be tw ee n  t h e  m e th y l  and t h e  
o r t h o  p r o t o n .
One can  c onc lude  t h e r e f o r e  t h a t  t h e  e l e c t r o n i c  s t r u c t u r e  o f
t h e  b e n ze n e  r i n g  i s  n o t  p r i n c i p a l l y  d i f f e r e n t  from any o t h e r
b e n z e n o i d  r i n g ,  on ly  t h e  m o b i l i t y  o f  t h e  o n ly  t r u e  doub le  bond
i s  g r e a t e r ,  I f  t h e  doub le  bond i n  2 , 4 ? 5 ~ t r i b r o m o t o l u e n e  i s
a l m o s t  c o m p l e t e l y  f i x e d  t h e n  t h i s  can n o t  be t h e  case  t o  t h e  same
e x t e n t  i n  2 ,3*4  > 5 * " t e t r a c h l o r o t o l u e n e  w hich  h a s  a m e th y l  d o u b l e t
6
w i t h  a s e p a r a t i o n  o f  on ly  0 .6 3  i  002 Hz . I n  t h i s  c a s e  e i t h e r  
t h e  c h l o r i n e  atoms a r e  n o t  a s  e f f e c t i v e  i n  l o c a l i s i n g  t h e  doub le  
bond o r  (more l i k e l y )  t h a t  t h e  s y m m e t r i c a l  t e t r a s u b s t i t u t i o n  
does  n o t  f a v o u r  com ple te  l o c a l i s a t i o n .
D ur ing  a r i g o r o u s  i n v e s t i g a t i o n  o f  t h e  e l e c t r o n i c  a r r an g em en t
C H
R= CH, or H(XVII) (XVIIIa) (XVIII)
CH,
CH,
272 c/s 
ex TMS
o 5 10
780 c/s 
ex TMS
F ig  8  N M R  spectrum o f  4,9-dimethylpyrene in C S2 at 100 mc/s. H Me, 272-0 (triplet, separa­
tion 0-55 c/s); H ii2 ,6 .7» 780-0; H 3iSj8i1o, 778-2 (quartet).
- O H
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C H
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a.
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o f  p y re n e  by C l a r  and  c o w o rk e r s ,  i t  was r e a d i l y  shown t h a t  t h e  
1 , 2  and 6 , 7  p o s i t i o n s  a p p r o a c h e d  f u l l y  l o c a l i s e d  dou b le  bonds  
and m e th y l  s u b s t i t u e n t s  i n  t h e s e  p o s i t i o n s  had a s p l i t t i n g  of  
1 . 1  Hz. (X V II ) .  I t  was a l s o  shown t h a t  t h e  u p p e r  and low er  r i n g s  
w hich  ace i n h e r e n t  s e x t e t s  c o n t a i n e d  a l a r g e  d eg ree  o f  dou b le  
bond  f i x a t i o n  and t h a t  p y re n e  i s  b e s t  f o r m u l a t e d  i n  e i t h e r  
a  c e n t r o - s y m m e t r i c a l  o r  a p l a n e - s y m m e t r i c a l  form bo th  o f  which
22
must o s c i l l a t e  o r  ’ f l i p 1 t o  p r e s e r v e  t h e  symmetry o f  t h e  m o lecu le  
( X V I I I a , b . ) .  4 , 9 - d i m e t h y l p y r e n e  F i g . 6 c o n s e q u e n t l y  shows a
t r i p l e t  m e th y l  s i g n a l  w i t h  a s p l i t t i n g  o f  0*7 Hz. T h i s  can be 
e x p l a i n e d  by assum ing  t h r e e - c e n t r e  bonds  over  t h e  ca rb o n s  3?4?5 
and 7 , 8 , 9  or  an  a v e r a g i n g  e f f e c t  due t o  o s c i l l a t i o n  o f  t h e  doub le  
bond a s  d e s c r i b e d  . However,  3 , 8 ,  -  d im e th y l p y r e n e  (JK) shows 
a  s i n g l e t  m e th y l  r e s o n a n c e ,  s h a r p e n e d  o n ly  s l i g h t l y  by d e c o u p l i n g  
o f  t h e  p r o t o n s  H , H and H , H , w h ic h  i n f e r s  t h a t  t h e  doub le
5 10 4 9
bond i s  i n  t h e  4 , ^  p o s i t i o n  r a t h e r  t h a n  i n  t h e  3?4. p o s i t i o n .  Th is
23
i s  c o n f i rm e d  by th e  l a c k  o f  dia.zo c o u p l i n g  i n  3~hydroxypyre ne  (XXl)
w h ich  h a s  been  e x p l a i n e d  by l o c a l i s a t i o n  o f  t h e  dou b le  bond i n  th e
4 , 5  p o s i t i o n .  The m e th y l  s i g n a l  o f  3 , 8 , 5 , 1 0 - t e t r a m e t h y l p y r e n e
(XXIl)  i s  a  b r o a d  d o u b l e t  how ever^wi th  an i n d i s t i n c t  c o u p l in g
o f  0 . 6  Hz > which  i s  s h a r p e n e d  t o  a b r o a d  s i n g l e t  when t h e  p r o t o n s
18
, H ^ a r e  d e c o u p l e d .
I t  t h e r e f o r e  seemed w o r th w h i l e  t o  i n v e s t i g a t e  3»8 -d ib ro m o -
5 ,1 0  - d i m e t h y l p y r e n e  (X X II l )  as  t h e  added e f f e c t  o f  a  bromine
CH
HC
•CH
(XXII) (XXIII)
0 2
o*8
°  C H 3
-CH CH
'CH
(XXVII(XXV)(XXIV)
of  s e v a r a l  methyl  s u b s t i t u t e d  qu inones .
22.
s u b s t i t u e n t  migh t  i n c r e a s e  t h e  do u b le  bond c h a r a c t e r  i n  t h e
4 , 5  and 9>10  p o s i t i o n s  away from t h e  bromine  atom and a d j a c e n t  
t o  t h e  m e tny l  g r o u p .  However, d e s p i t e  t h e  e f f e c t  o f  ha logen  
s u b s t i t u e n t s  i n  p r e v i o u s  exam ples ,  t h e  m e th y l  s i g n a l  r e m a in s  a 
b r o a d  s i n g l e t  and  shows no e v i d e n c e  f o r  enhanced  doub le  bond 
c h a r a c t e r  i n  t h e  4 j 5  °** 9>10 p o s i t i o n s .  One can o n ly  conc lude  
t h a t  t h e  p y re n e  s t r u c t u r e  i s  b e t t e r  s e r v e d  by h av in g  t h e  doub le  
bond l o c a l i s e d  i n  a p o s i t i o n  away from t h e  m e th y l  g roup  or  
t h a t  t h i s  a v e r a g i n g  e f f e c t  i n  t h e  t h r e e - c e n t r e  bond d i s t o r t s  
t h e  m e th y l  s i g n a l  and p r e v e n t s  o b s e r v a t i o n  o f  a  d o u b l e t .
F i n a l l y ,  i n  t h i s  s e c t i o n  d e a l i n g  w i t h  t h e  e f f e c t s  o f  s u b s t i t u e n t s  
on m e th y l  d e r i v a t i v e s  o f  a r o m a t i c  h y d r o c a r b o n s  t h e  i n t e r m e d i a t e  
a n t h r a q u i n o n e s  fo rmed  d u r i n g  th e  s y n t h e s i s  o f  t h e  a n t h r a c e n e  
d e r i v a t i v e s  were a l s o  i n v e s t i g a t e d  by n . m . r .  S i m i l a r  p a r a l l e l s  
t o  t h e  a n n e l l a t i o n  e f f e c t s  were o b s e rv e d  b u t  t o  a  much l e s s e r  
d e g r e e ,  a s  t h e  s p l i t t i n g s  were  g r e a t l y  r e d u c e d  i n  m a g n i tu d e .  F i g . 9 
The m e thy l  s i g n a l  o f  1 , 4 - d i m e t h y l a n t h r a q u i n o n e  (XXIV) i s  a  s h a rp  
s i n g l e t  h a r d l y  a f f e c t e d  by d e c o u p l i n g  o f  t h e  p r o t o n s  H , H ,
2 3
and 2 , 3 - d i r n e t h y l a n t h r a q u i n o n e  (XXV) shows a m e th y l  s i g n a l  which  
i s  a  d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 . 2 5  Hz. > i n  b o th  c a s e s  much 
l e s s  t h a n  t h e  a n t h r a c e n e  d e r i v a t i v e s . S i r n i l a r l y , 6 , 7 - d i m e t h y l a n -  
th raqu inone(X X V l)  has  a m e thy l  d o u b l e t  w i t h  a s e p a r a t i o n  o f  
on ly  0 . 2  Hz, and 5 -me'chyl-]^2 - b e n z a n t h r a q u i n o n e  has  a s e p a r a t i o n  
o f  O.b Hz. (XXVIl) compared t o  O. 55  Hz.  and 1 . 1  Hz.  i n  the
23.
c o r r e s p o n d i n g  h y d r o c a r b o n s .  These d im i n i s h e d  s e p a r a t i o n s  can 
be e x p l a i n e d  by a t e n d e n c y  f o r  l o c a l i s a t i o n  o f  t h e  t r u e  dou b le  
bond be tw ee n  th e  e l e c t r o n  d e f i c i e n t  c a r b o n y l  g ro u p s  a s  i n d i c a t e d  
by d o t t e d  l i n e s  i n  F i g . 9 . S i m i l a r l y  t h e  e f f e c t  o f  h a l o g e n
s u b s t i t u e n t s  i n  th e  r i n g  i s  n o t  a s  e v i d e n t  i n  t h e  s p l i t t i n g  o f  
t h e  m e thy l  s i g n a l  ' a s  i n  th e  h y d r o c a r b o n s .  1 - C h i o r o - 4 -m ethy1 -  
a n t h r a q u i n o n e  shews a m e thy l  r e s o n a n c e  w hich  i s  a doub le  d o u b l e t .  
D eco u p l in g  o f  t h e  p r o t o n  H^ p r o d u c e s  a d o u b l e t  w i t h  a s p l i t t i n g  
o f  0 .5 5  Hz, due t o  o r t h o  c o u p l i n g  w i t h  t h e  p r o t o n  II •
T h i s  i s  c o n s i d e r a b l y  l e s s  t h a n  th e  v a l u e  i n  t h e  hydrocarbon^
1 .0  H z . , a n d  t h e  meta  c o u p l i n g  0 . 3  Hz. a l t h o u g h  n o t  e v i d e n t '  
when th e  p r o t o n  H i s  d e c o u p le d  can be measured  r e a d i l y  from 
t h e  no rm al  m e thy l  s i g n a l .  A l th o u g h  t h e  p a r e n t  h y d ro c a rb o n  o f  
2 - c h l o r o - 3 - m e th y la n th ra c !u in o n e  was n o t  o b t a i n e d  t h e  m e th y l  s i g n a l  
shows e x a c t l y  t h e  same c h a r a c t e r i s t i c s  w i t h  meta c o u p l in g  o f  
0 .3 5  Hz. 'fcHs p r o t o n  H and a l a r g e r  c o u p l i n g  o f  0 . 5 5  Hz. w i th
a .
t h e  o r t h o  p r o t o n ,  H
4
T h e r e f o r e  t h e  c o u p l i n g s  be tw een  t h e  m e thy l  g roup  and t h e  
a r o m a t i c  p r o t o n s  i n  t h e  q u in o n e s  a r e  d i m i n i s h e d  i n  com par ison  
w i t h  t h e  c o r r e s p o n d i n g  h y d r o c a r b o n s .  There  must be a d i f f e r e n t  
e l e c t r o n i c  a r r a n g e m e n t  i n  t h e  r i n g  i n  w hich  t h e  t r u e  double  
bond i s  l a r g e l y  l o c a l i s e d  be tw een  th e  e l e c t r o n  d e f i c i e n t  c a rb o n y l  
g r o u p s ,  t h u s  l e s s e n i n g  t h e  doub le  bond c h a r a c t e r  i n  th e  G^p 
p o s i t i o n s  compared w i t h  th e  c o r r e s p o n d i n g  h y d ro c a rb o n .
24.
I t  can  be seen  from t h e  e v id e n c e  above t h a t  t h e  magn i tude  o f  
t h e  c o u p l i n g s  and t h e r e f o r e  t h e  d i s t r i b u t i o n  of  t h e  t r u e  double  
bond w i t h i n  t h e  r i n g s  i s  a f f e c t e d  by f u r t h e r  s u b s t i t u t i o n ,  and 
t h e  v a r i a t i o n  i n  t h e  m a gn i tude  o f  th e  m e t h y l - a r o m a t i c  p r o t o n  
c o u p l i n g s  a p p e a r s  t o  be v e r y  u s e f u l  f o r  d e t e c t i n g  t h e s e  c h an g e s .  
However a l t h o u g h  a s e r i e s  o f  s u b s t i t u e n t s  show a g e n e r a l  t r e n d ,  
t h e  e f f e c t  of  each  p a r t i c u l a r  s u b s t i t u e n t  may have t o  be e v a l u a t e d  
i n d e p e n d e n t l y .
‘ '*. hr -  i h  0 . 1- .  i h '  V-uv 
. f '  ; : h h  U v ?f  ; ' r
■.3* . SCdhh X - -i:
whxc:.\ - t hv X h i’:.
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S e c t i o n  3 .  M ethy l  D e r i v a t i v e s  o f  P y r i d a z i n e .
D i s c u s s i o n
S in ce  t h e  s p l i t t i n g s  o f  t h e  m e thy l  s i g n a l s  i n  t h e  q u in o n e s  
;e re  so d i f f e r e n t  from t h e  c o r r e s p o n d i n g  Hydrocarbon  d e r i v a t i v e s ,  
i t  was d e c i d e d  t o  i n v e s t i g a t e  a  sy s tem  w i t h  a known d e g re e  o f  
l o c a l i s a t i o n  but  i n  a d i f f e r e n t  manner from t h e  compounds a l r e a d y  
c o n s i d e r e d .
In  f a c t  p y r i d a z i n e  ( i )  f a b l e  1 i s  v e r y  s u i t a b l e  f o r  t h i s
p u r p o s e .  Two a n a l y s e s  o f  t h e  AA’XX' sys tem  o f  t h e  p r o t o n s
2£ 25
o f  t h i s  m o lecu le  have b e e n  u n d e r t a k e n  im d  t h e  c o r r e c t  c o u p l i n g s
25
from t n e  l a t t e r  i n v e s t i g a t i o n  a r e  shown. There  i s  a  h ig h  d eg ree
o f  doub le  bond c h a r a c t e r  i n  xhe 4>5  p o s i t i o n s  where  J  ^ ^ = b .6
Hz. and v e r y  much l e s s  i n  t h e  3 , 4  and  5 , 6  p o s i t i o n s  where
J  ^ ^ ^ a* 5*2Hz . ,  w h ich  i s  t h e  o p p o s i t e  a r r a n g e m e n t  t o
t h a t  f o r  n a p h t h a l e n e  and a n t h r a c e n e ,
A com pre hens ive  s t u d y  o f  t h e  n . m . r .  s p e c t r a  o f  p y r i d a z i n e
24has  b e e n  a c c o m p l i s h e d  by T o r i  and O ga ta ,  a l t h o u g h  t h e  p r e s e n t a t i o n  
o f  t h e  r e s u l t s  seems t o  have b e e n  mixed up .  They i n v e s t i g a t e d  
s e v e r a l  m e thy l  d e r i v a t i v e s  o f  p y r i d a z i n e  bu t  a p p e a r e d  more 
i n t e r e s t e d  i n  t h e  s u b s t i t u e n t  e f f e c t  on t h e  c o u p l i n g  and  chem ica l
. V (I)
T a b l e  1
Notation:
J  ~~ 7s>4 ~  Jo,6 
J  — J 5.5 ~  7 4 ,6  
7 a  =  73.6 
7x =  74,5
Proton magnetic resonance param eters of pyridazine
J  J '  J  A Jx. ~A Tn
1. L iquid ' ............. 5-0 2-1 1-4 8-6 0-309 1-967
2. 20%  in  CDClj 5-2 1-9 1*4 8-6 0-833 2-460
CH;
(IV) 
CH.
T(_h 3
(VI)
(II)
(V)
26.
s h i f t s  o f  t h e  a r o m a t i c  p r o t o n s .  The m e thy l  s i g n a l s  a l t h o u g h
r e c o r d e d  and  expanded were n o t  d e a l t  w i t h  i n  a s  much d e t a i l .
I n  t h i s  work th e  m e thy l  s i g n a l s  have "been expanded  a t  h i g h
r e s o l u t i o n  and t h e  d e c o u p l i n g  t e c n n i q u e  employed.
The m e th y l  r e s o n a n c e  o f  4 - n i e t h y l p y r i d a z i n e  ( I I )  T ab le  2
i s  a  b r o a d  m u l t i p l e t  w h ich  a p p e a r s  t o  be a doub le  d o u b l e t .
D ec o u p l in g  t h e  p r o t o n s  H , H p r o d u c e s  a d o u b l e t  w i t h  a
3 6
s e p a r a t i o n  o f  1 . 0  H z . ,  i n  c h a r a c t e r  w i t h  a h igh  d e g re e  o f  doub le  
b o n d ing  i n  t h e  4 , 5  p o s i t i o n .  The s i g n a l s  o f  t h e  p r o t o n s  H and
3
H have a l m o s t  i d e n t i c a l  che m ic a l  s h i f t s  and canno t  b e  d e c o u p le d  
6
i n d e p e n d e n t l y .  They form th e  XY p a r t  o f  an  AXY s p e c t ru m  w i t h  
t h e  p r o t o n  H , b u t  t h i s  ha s  n o t  been  a n a l y s e d .  D eco u p l in g
5
th e  p r o t o n  H^ , a l s o  p ro d u ce  a d o u b l e t  w i t h  a s e p a r a t i o n  o f  
0 . 65Hz. T h i s  r e s u l t s  from th e  c o n t r i b u t i o n  from t h e  o r t h o  
p r o t o n  H^  , and t h e  meta  p r o t o n  E g  , b u t  t h e  i n d i v i d u a l  e f f e c t  
o f  t h e s e  p r o t o n s  c a n n o t  be m easured  s e p a r a t e l y .  The A p a r t  
o f  t h e  a r o m a t i c  s p e c t r u m  i s  a  v e r y  c l e a r  m u l t i p l e t  o f  14 
p e a k s  due t o  f o u r  o v e r l a p p i n g  q u a r t e t s  and d e c o u p l i n g  a t  th e  
m e thy l  f r e q u e n c y  p r o d u c e s  a q u a r t e t ,  t h e  d i s t a n c e  be tween
26
t h e  o u t e r  l i n e s  1 ,4  g i v e s  a check on t h e  v a l u e  o f  JXA+ ^ YA •
The s p e c t ru m  o f  3 j 6 - d i c h l o r o - 4 - m e t h y l p y r i d a s i n e ( i l l )  Tab le  2 
shows o n ly  two s i g n a l s  r e s u l t i n g  from t h e  m e thy l  and t h e  a r o m a t i c  
p r o t o n  H , The m e th y l  s i g n a l  i s  a  d o u b l e t  w i t h  a s e p a r a t i o n
5
o f  0 . 9  Hz, and t h e  a r o m a t i c  p r o t o n  s i g n a l  i s  a  c l e a r  q u a r t e t
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w i t h  t h e  same c o u p l i n g  c o n s t a n t .  The v a l u e  i s  c e r t a i n l y  l e s s
th a n  t h e  above d e r i v a t i v e  a l t h o u g h  t h e  r e a s o n  i s  n o t  a p p a r e n t
The above r e s u l t s  a g r e e  w e l l  w i t h  t h e  f i n d i n g s  o f  t h e  J a p a n e s e  
24
a u t h o r s ,  a p a r t  f rom t h e  v a l u e  o b t a i n e d  when d e c o u p l i n g  p r o t o n s
and H ^ o f  4 “® e t h y l p y r i d a z i n e  ( l l )  T ab le  2.  How eve r^ t h e  methy l  
s i g n a l  o f  3 - m e t h y l p y r i d a z i n e  (IV) T a b le  2 ,  p r e v i o u s l y  r e p o r t e d  
t o  be  a na r row  s i n g l e t  i s  found  i n  o u r  work a s  a  r a t h e r  b r o a d  
s i g n a l  w h ich  i s  q u i t e  s t r o n g l y  c o u p l e d .  D eco u p l in g  t h e  a r o m a t i c  
p r o t o n  H ^ s h a r p e n s  t h e  s i g n a l  c o n s i d e r a b l y  and v e r y  l i t t l e  
c o u p l i n g  can be r e m a i n i n g .  However d e c o u p l i n g  o f  t h e  p r o t o n s  
II , Hj_ p r o d u c e s  a d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 .5 5  Hz.
T h i s  i s  r e a d i l y  r e p r o d u c i b l e  and  can  o n ly  be  e x p l a i n e d  by p a r a  
c o u p l i n g  be tw ee n  t h e  m e thy l  g ro u p  and. t h e  p r o t o n  E ^ . C o n s id e r i n g  
th e  a p p a r e n t  l a c k  o f  c o u p l i n g  be tw ee n  t h e  m e thy l  and t h e  p r o t o n s  
H and H t h i s  i s  v e r y  l a r g e  i n d e e d .
4 5
The sp e c t ru m  c f  3 - c h l o r o - 6 - « n e t h y l p y r i d a z i n e ( V )  T ab le  2 i n d i c a t e s  
o n ly  two s i g n a l s  w i t h  s u p e r p o s i t i o n  o f  t h e  a r o m a t i c  p r o t o n s  H and
4
H . The h a l o g e n  a p p a r e n t l y  h a s  no e f f e c t  i n  i n c r e a s i n g  d o u b le
5
bond c h a r a c t e r  i n  t h e  5 p o s i t i o n  a s  t h e  me thy l  s i g n a l  i s  a 
s h a rp  s i n g l e t ,  e x a c t l y  t h e  same shape and h a l f  w i d t h  a s  t h e  m e thy l  
s i g n a l  o f  3 - m e t h y l p y r i d a z i n e  w i t h  t h e  a r o m a t i c  p r o t o n  H ^  d e c o u p l e d .  
There  i s  no s i g n  o f  c o u p l i n g  o f  t h e  a r o m a t i c  p r o t o n s  w i t h  t h e  methy l  
g r o u p .
28.
On t h i s  b a s i s  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  m e thy l  s i g n a l  o f
3 , 6 - d i m e t h y l p y r i d a s i n e  (Vi)  T ab le  2 i s  a s h a rp  s i n g l e t ,  h a r d l y
a f f e c t e d  by d e c o u p l i n g  t h e  p r o t o n s  H. and H and s i m i l a r l y4 5
t h e  a r o m a t i c  p r o t o n  s i g n a l  i s  a l s o  a s h a rp  s i n g l e t .
These  d e r i v a t i v e s  t h e r e f o r e  e x h i b i t  s p l i t t i n g s  o f  t h e  methy l
s i g n a l  one would  e x p e c t  from t h e  i n t e r p r o t o n  c o u p l i n g s  d e r i v e d
from t h e  p a r e n t  c o m p o u n d jp y r id a z in e .  There  i s  h i g h  dou b le
bond c h a r a c t e r  i n  t h e  4*5  p o s i t i o n s  a s  shown w i t h  a c o u p l i n g  -
o f  1 . 0  Hz. The a p p a r e n t  l a c k  o f  c o u p l i n g  be tw een  t h e  m e th y l s
and t h e  a r o m a t i c  p r o t o n s  i n  3 , 6 - d i m e t h y l p y r i d a z i n e  seems
r e a s o n a b l e  from t h e  l o w e r  doub le  bond c h a r a c t e r  i n  t h e  3 , 4  and
5 , 6  p o s i t i o n s  and a dds  s u p p o r t  t o  t h e  i d e a  t h a t  t h e  a n a . l l
c o u p l i n g s  i n  1 , 4 - d i m e t h y l n a p h t h a l e n e  and 1 , 4 - d i m e t h y l a n t h r a c e n e
c o u ld  be due t o  p a r t i a l  l o c a l i s a t i o n  o f  t h e  doub le  bond i n  t h e
2 , 3  p o s i t i o n , w i t h ,  a  c o r r e s p o n d i n g  l o s s  i n  th e  1 , 2  and 3 , 4  p o s i t i o n s .
T h i s  i s  a l s o  b o rn e  ou t  i n  3 - m © th y l p y r i d a z i n e  where t h e r e  i s
v e r y  l i t t l e  c o u p l in g  be tw ee n  t h e  m e thy l  and  th e  p r o t o n s
H. and H • I t  does  n o t  e x p l a i n  t h e  s u r p r i s i n g l y  l a r g e  p a r a  
4 5
c o u p l i n g  o f  0 . 5 5  Hz. •which i s  d i f f i c u l t  t o  r a t i o n a l i s e ,  
e s p e c i a l l y  i f  i t  i s  o c c u r r i n g  t h r o u g h  t h e  same p a t h w a y  i . e .  
v i a  t h e  c a r b o n s  3,4>5  an(l  6 . There  may be i n t e r a c t i o n  a c r o s s  
t h e  r i n g  i n  t h i s  case  and t h i s  w i l l  be d i s c u s s e d  i n  t h e  l i g h t  
o f  r e s u l t s  i n  t h e  f o l l o w i n g  c h a p t e r .
A l th o u g h  th e  m a g n i tu d e s  o f  t h e  c o u p l i n g s  f o l l o w ’ t h e  g e n e r a l
■29.
t r e n d  a s  o b s e r v e d  i n  t h e  p r e v i o u s  s e c t i o n s ,  no a c c o u n t  h a s
been  t a k e n  o f  th e  two n i t r o g e n s  i n  t h e  r i n g .  However s e v e r a l
h e t e r o c y c l i c  m e thy l  d e r i v a t i v e s  have  b e e n  examined and t h e i r
v a l u e s  a r e  o f  t h e  same o r d e r  a s  found  i n  t h i s  c a s e .  I t  does
seem t h a t  ^  1 . 0  Hz. i s  t h e  maximum v a l u e  f o r  th e  c o u p l i n g
be tw een  a m e thy l  grojip and an a r o m a t i c  p r o t o n  i n  a l l  t h e
©a r o m a t i c  h y d r o c a r b o n s  and h e t e r o c y c l i c  compounds so f a r  
6,27
i n v e s t i g a t e d .  A v a l u e  o f  1 .5  Hz. f o r  o r t h o  s i d e  c h a i n  c o u p l in g
h a s  b e e n  r e c o r d e d  i n  a c e n a p h th e n e  ( V I l )  b u t  t h i s  l a r g e  v a l u e
28
was a t t r i b u t e d  t o  s t e r i c  e f f e c t s .
One can i n f e r  a  h i g h  d e g re e  o f  doub le  bond c h a r a c t e r  i n
t h e s e  p o s i t i o n s  and  t h e r e f o r e  a  h i g h  d e g r e e  o f  l o c a l i s a t i o n
o f  t h e  t r u e  doub le  bond ,  d e s p i t e  t h e  f a c t  t h a t  t h e  v a l u e  o f
t h e  c o u p l i n g  c o n s t a n t  n e v e r  r e a c h e s  t h a t  o f  a  f u l l y  l o c a l i s e d
4,5
dou b le  bond  a s  found i n  p ro p e n e  ( 1 . 7 - 1 *8H z . ) •
30.
S e c t i o n  4« Complex B e n z y l i c  Coup l ing  i n  Ct -LIethyl  
D e r i v a t i v e s .
D i s c u s s i o n
F i n a l l y ,  d u r i n g  t h e  c o u r s e  o f  t h i s  work t h e  a s y m m etr ic  m e thy l
s i g n a l s  o f  0( - m e t h y l  s u b s t i t u t e d  a r o m a t i c  h y d r o c a r b o n s  were
i n v e s t i g a t e d .  T h i s  asymmetry was f i r s t  m e n t io n e d  by  H a i r  
29
and Gopakumar who o b s e r v e d  t h a t  t h e  s p l i t t i n g  o f  t h e  m e thy l  
s i g n a l  o f  1 - m e t h y l n a p h t h a l e n e  was somewhat d i f f e r e n t  from 
t h e  no rm al  s y m m e t r i c a l l y  shaped  s i g n a l .  However t h e  a u t h o r s  
d i d  n o t  r e p r o d u c e  t h e  m e thy l  s i g n a l .
7
A few y e a r s  l a t e r ,  Clar ,McAndrew and Zander  a l s o  p o i n t e d  
o u t  t h a t  t h e  m e thy l  s i g n a l  o f  1 - m e t h y l p h e n a n t a r e n e  f r._- 1
7/as n o t  sym m etr ic  b u t  a p p e a r e d  t o  be a s i n g l e t  7 / i th  a  s m a l l  
h i g h  f i e l d  peak  w h ich  t h e y  c o n s i d e r e d  t o  be an  i m p u r i t y .
The p o s s i b i l i t y  o f  an i m p u r i t y  was v e r y  soon  d i s c o u n t e d  on 
e x a m i n a t i o n  o f  t h e  m e th y l  s i g n a l s  o f  1 - m e t h y l n a p h t h a l e n e  
( I )  and  1 - m e t h y l a n t h r a c e n e  ( n )  w h ich  b o t h  showed t h e  same 
a sym m etr ic  s i g n a l .  F u r t h e r  i n v e s t i g a t i o n s  o f  1 , 5 - d i m e t h y l -  
n a p h t h a l e n e  ( i l l )  and  1 , 5 - d i m e t b y l a n t h r a c e n e  (17) showed t h a t  
t h i s  a sym m etr ic  s i g n a l  was a t r u e  f u n c t i o n  o f  t h e  m o l e c u le .
Both  1 - m e t h y l a n t h r a q u i n o n e  (Vi)  and  1 , 5 - d i m e t h y l a n t h r a q u i n o n e  
( 7 I l )  show t h i s  e f f e c t  t o  t h e  same e x t e n t  a s  t h e i r  c o r r e s p o n d i n g
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h y d ro c a rb o n s  w i t h  a s e p a r a t i o n  o f  t h e  o r d e r  o f  0 . 7  t o  0 . 8  Hz. 
and i t  a p p e a r s  t o  be a f u n c t i o n  o f  t h e  r i n g  t o  w h ich  t h e  m e thy l  
i s  a t t a c h e d .
D eco u p l in g  o f  t h e  a r o m a t i c  p r o t o n s  i n d i c a t e  t h a t  t h e  main 
c o n t r i b u t i o n s  t o  t h e  s i g n a l  a r e  from o r t h o  and p a r a  c o u p l i n g s .
I t  i s  n o t  p o s s i b l e  t o  d e c o u p le  t h e  o r t h o  and meta p r o t o n s  
s e p a r a t e l y ,  b u t  d e c o u p l i n g  a t  t h i s  f r e q u e n c y  c a u s e s  t h e  m e thy l  
s i g n a l  t o  form a d o u b l e t  w i t h  a s e p a r a t i o n  o f  t h e  o r d e r  o f  
0 . 5  Hz.
D eco u p l in g  a t  t h e  p a r a  p o s i t i o n  does  n o t  a lways  g i v e  a s h a rp  
d o u b l e t  w h ich  may be due to  t h e  e f f e c t  o f  t h e  meta  c o u p l i n g  
o v e r l y i n g  t h e  o r t h o  c o u p l i n g ,  b u t  i n  mos t  c a s e s  t h e  s e p a r a t i o n  
i s  o f  t h e  o r d e r  o f  0 . 6  Hz.
To measure t h e  e f f e c t ,  i f  any ,  c a u s e d  by  a n g u l a r  a n n e l l a t i o n  
t o  t h e  sys tem ,  5 Ht e ‘c^ y l t e t r a p h e n e  ( V I I l )  was i n v e s t i g a t e d .  At 
60 M.Hz. t h e  m e thy l  s i g n a l  shows t h i s  e f f e c t  b u t  a p p e a r s  t o  
have a low f i e l d  s h o u l d e r  on th e  main p e a k ,  and a t  100  M.Hz. 
t h e  s i g n a l  i s  a t r i p l e t .  D ec o u p l in g  a g a i n  shows a lm o s t  e q u a l  
c o n t r i b u t i o n s  from o r t h o  and  p a r a  c o u p l i n g  w i t h  a s m a l l  
u n m e asu ra b le  meta  c o u p l i n g .  T h i s  t r i p l e t  s i g n a l  i s  r e p e a t e d  
even  more c l e a r l y  i n  5 *4 1- d i m e t h y l —3 , 4 -b e n z o p h e n a n th r e n e  . (IX) 
and has  a s e p a r a t i o n  o f  t h e  o r d e r  o f  1 . 0  Hz. D ecoup l ing  
shows c l e a r l y  c o u p l i n g s  o f  t h e  o r d e r  0 . 5  Hz f o r  both,  o r t h o  
and p a r a  p r o t o n s .  However t h e  m e thy l  s i g n a l  o f  2 ,5 > 9 > 4 , “
32.
t e t r a m e t h y l - 3 >4 - b e n z o p h e n a n t h r e n e ,  a l t h o u g h  a t r i p l e t ,  i s  l e s s  
d i s t i n c t {X) .
I t  was t e n t a t i v e l y  assumed t h a t  t h i s  o v e r a l l  asymmetry o f  
t h e  m e thy l  s i g n a l  migh t  he due t o  an  a d d i t i o n a l  c o n t r i b u t i o n  
t o  t h e  norm al  c o u p l i n g s  v i a  i n t e r a c t i o n  be tween  t h e  p a r a  p r o t o n  
and t h e  m e th y l  g roup  a c r o s s  t h e  r i n g .
However a  r e c e n t  paper^cLealing  w i t h  t h e  q u e s t i o n  o f  t h e  
asymmetry o f  t h e  m e thy l  s i g n a l  i n  OC - m e t h y l  s u b s t i t u t e d  
n a p h t h a l e n e s  has  b e e n  p u b l i s h e d .  The a u t h o r ^ u s i n g  com puter  
a n a l y s i s  and by v a r y i n g  t h e  c o u p l i n g  c o n s t a n t o b t a i n e d  a 
c a l c u l a t e d  s i g n a l  w h ic h  m a tches  t h e  o b s e r v e d  m e thy l  r e s o n a n c e  
i n  1 , 8 - d i m e t h y l n a p h t h a l e n e .  I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  
d i s t o r t e d  i n t e n s i t i e s  o f  th e  m e thy l  s i g n a l  a r e  i n h e r e n t  when 
a c o m b in a t i o n  o f  c o u p l i n g s  o f  t h e s e  m a g n i tu d e s  o c c u r s ,  d e s p i t e  
t h e  v e r y  l a r g e  c h e m ic a l  s h i f t  d i f f e r e n c e  betv/een t h e  m e thy l  
p r o t o n s  and th e  a r o m a t i c  p r o t o n s .
However^ a l t h o u g h  ihe a u t h o r  a l s o  showed t h a t  t h e  shape  
o f  t h e  s i g n a l  i s  v e r y  s e n s i t i v e  t o  s m a l l  changes  i n  t h e  o r d e r  
o f  m a gn i tude  o f  t h e  c o u p l i n g s  t h i s  d i d  n o t  p roduce  a  t r i p l e t  
s i g n a l  a s  o b s e rv e d  f o r  5“®e t h y l t e t r a p h e n e  and 5 *4 1- d i m e t h y l -  
b e n z o p h e n a n t h r e n e ,  A compute r  a n a l y s i s  o f  t h e  s p e c t r a  o f  
t h e s e  m o l e c u l e s  i s  r e q u i r e d  b e f o r e  f u r t h e r  d i s c u s s i o n  i s  
p o s s i b l e ,  and t h i s  was n o t  a t t e m p t e d  i n  t h e  c o u r s e  o f  t h i s  
work .
33.
E x p e r i m e n t a l  D i s c u s s i o n
A c o n s i d e r a b l e  amount o f  t h e  e x p e r i m e n t a l  work i n  t h i s  s e c t i o n  
d e a l t  w i t h  r e p e t i t i o n  o f  l i t e r a t u r e  p r e p a r a t i o n s  t o  o b t a i n  t h e  
r e q u i r e d  compounds.  The compounds l i s t e d  below w i t h  t h e i r
r e l e v a n t  r e f e r e n c e s  a r e  t h o s e  w hich  f o l l o w e d  t h e  l i t e r a t u r e
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d e s c r i p t i o n  e x a c t l y :  4 } 5 -d - ib rom o-o -xy lene  $ 2 , 5~ d ib ro m o -p -x y le n e  j
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2 , 4 - d i b r o m o - m - x y l e n e ; 4 - b r o m o t o l u e n e J 2 , 4 ?5 ~ t r i b r o m o t o l u e n e j
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1 -bromo-4 t h y l n a p h t h a l e n e ; 2 - c h l o r o - l - m e t h y l a n t h r a q u i n o n e ; .
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2 - c h l o r o - 3 - m e t h y l a n t h r a q u i n o n e  5 4 - f l i e t h y l p y r i d a s i n e ; 3 > 6 - d i c h l o r o ~
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4 - m e t h y l p y r i d a z i n e ;  3 - c h l o r o - 6 ~ r a e t h y l p y r i d a z i n e ; 3 >6 - d i m e t h y l -
40
p y r i d a z i n e .
The most  i m p o r t a n t  p a r t  o f  t h e  new s y n t h e t i c  work i n v o l v e d
t h e  s y n t h e s i s  and  p u r i f i c a t i o n  o f  2 1 , 3 1- d i m e t h y l - 1 , 2 : 6 , 7—
d ib e n z o p y r e n e  ( I ) .  The method u s e d  was a m o d i f i c a t i o n  o f  t h e
s y n t h e t i c  scheme f o r  t h e  p a r e n t  hydro  c a r b o y d i b e n z o p y r e n e ^ w h i c h
i n v o l v e s  c o n d e n s a t i o n  o f  b e n z o y l  c h l o r i d e  and o c t a h y d r o p h e n a n tb r e n e
u s i n g  aluminum t r i c h l o r i d e ^ a n d  p y r o l y s i s  o f  t h e  r e s u l t i n g  k e to n e
o 41
w i t h  copper  powder a t  400  . The h y d r o c a r b o n ,  2 , 3 : 7 > b - d i b e n z o -  
p h e n a l e n e  from t h i s  p r o c e s s ^ r e a c t s  w i t h  m a l e i c  a n h y d r id e  f o rm in g  
t h e  s u c c i n i c  a n h y d r i d e  d e r i v a t i v e ^ w h i c h  on t r e a t m e n t  w i t h  z i n c  
c h l o r i d e  and sodium c h l o r i d e  y i e l d s  t h e  r e q u i r e d  h y d ro c a rb o n .
The monomethyl d e r i v a t i v e ,  2 1- m e t h y l —1 , 2 : 6 , 7 - d i b e n z o p y r e n e  
( I X ) ,  i s  r e a d i l y  o b t a i n e d  by t h e  above method from t h e  k e to n e  
( y n ) ,  w h ich  i s  fo rmed  by c o n d e n s a t i o n  o f  p - t o l u y l  c h l o r i d e
M'to
MMM
H
M
M
o
and o c t a h y d r o p h e n a n t h r e n e .
However t h e  k e t o n e  ( i l ) ,  fo rmed  by c o n d e n s a t i o n  o f  3>4-  
d im e th y l b e n z o y l  c h l o r i d e  and  o c t a h y d r o p h e n a n t h r e n e ,  does  no t  
g i v e  t h e  r e q u i r e d  2 " , 3 M- d i m e t h y l d i b e n z o p h e n a l e n e  on p y r o l y s i s  
v / i th  c o p p e r  powder .  I n s t e a d ,  a  m onom ethy ld ibenzophena lene  i s  
i s o l a t e d  w hich  doe’s n o t  have an i d e n t i c a l  n . r n . r .  spec t rum  w i t h  
t h e  p r e v i o u s l y  i s o l a t e d  monomethyl d e r i v a t i v e .  T h i s  new 
compound i s  i n  f a c t  2 " ~ m e th y l d ib e n z o p h e n a le n e  (Vi)  fo rmed from 
( i i )  w i t h  l o s s  o f  t h e  m e th y l  group  from t h e  3 " p o s i t i o n .  
T re a tm e n t  w i t h  r a a l e i c  a n h y d r i d e  gave  t h e  i n t e r m e d i a t e  s u c c i n i c  
a c i d  d e r i v a t i v e  and a z i n c  c h l o r i d e ,  sodium c h l o r i d e  m e l t  
p ro d u c e d  t h e  h y d r o c a r b o n  2 , ~ m e th y ld ib e n z o p y re n e  (IX) i d e n t i c a l  
w i t h  a sample from t h e  e a r l i e r  s y n t h e s i s .
To p r e v e n t  t h e  l o s s  o f  t h e  m e th y l  g r o u p ,  t h e  k e t o n e  ( i d  
was p y r o l y s e d  w i t h o u t  cop p e r  powder t h u s  e f f e c t i n g  c y c l i s a t i o n  
a l o n e .  However,  U.V. e x a m i n a t i o n  o f  th e  c rude  r e a c t i o n  m i x tu r e  
i n d i c a t e d  a m i x tu r e  o f  b o t h  t h e  f u l l y  d e h y d r o g e n a t e d  d e r i v a t i v e  
(IV) and t h e  e x p e c t e d  h y d r o d e r i v a t i v e  ( I I I )  i n  ab o u t  e q u a l  
p r o p o r t i o n s .  The fo r m e r  h y d r o c a r b o n  was o b t a i n e d  from th e  
m i x t u r e  a f t e r  seed ed  c r y s t a l l i s a t i o n  a n d  t r e a t e d  v / i th  m a le i c  
a n h y d r id e  i n  th e  u s u a l  manner.  A z i n c  c h l o r i d e ,  sodium c h l o r i d e  
m e l t  o f  t h e  s u c c i n i c  a c i d  d e r i v a t i v e  (V) f u r n i s h e d  t h e  c rude  
2 ‘ , 3 ' - d i m e t h y l - 1 , 2 ; 6 , 7 - d i b e n z o p y r e n e  ( i ) .  T h i s  was f u r t h e r  
p u r i f i e d  by removing  sm a l l  amounts  o f  i s o m e r i c  d im e t h y l b e n z o -
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p e r y l e n e  (X) a s  i t s  a d d u c t  w i t h  m a l e i c  a n h y d r i d e ,  and  ch rom a to ­
g r a p h i n g  t h e  h y d r o c a r b o n  r e s i d u e .  The n . m . r .  s p e c t r a  o f  t h e  
t h r e e  h y d r o c a r b o n s ,  1 , 2 : 6 , 7- d i b e n z o p y r e n e  and t h e  mono and 
d im e t h y l  d e r i v a t i v e s  a r e  shown t o g e t h e r  i n  F ig  1 .
A f t e r  r e f l u x i n g  t h e  c rude  d i r a e th y ld i b e n z o p h e n a le n e  (IV) i t h  
m a l e i c  a n h y d r i d e  and e x t r a c t i n g  w i t h  d i l u t e  a l k a l i ,  t h e  
h y d r o c a r b o n  r e s i d u e  was c h rom a tog raphed  g i v i n g  p u re  l 1 , 2 ' ,
3 1, 4 ' 92 , 3 - h e x a h y d r o - 2 M, 3 " - d i m e t h y l - 2 ,3^7? S - d ib e n z o p h e n a le n e  
( h i )  vdiich had t h e  U.V. spec t rum  of  an  a l k y l p h e n a n t h r e n e  
d e r i v a t i v e .  The n . m . r .  s p ec t ru m  o f  ( i l l )  i n d i c a t e s  t h a t  t h e  
m e thy l  g r o u p s ,  w i t h  c h em ica l  s h i f t s  7 »5& an(l 7-64  T a r e  a t t a c h e d  
to  a benzene  n u c l e u s .  The i n t e g r a t i o n ,  t h e  a r o m a t i c  and a l i p h a t i c  
r e g i o n s  a l l  s u p p o r t  t h e  s t r u c t u r e  ( i l l ) .  T h e r e f o r e  d u r i n g  
c y c l i s a t i o n  t h e  r i n g  w i t h  t h e  m e thy l  g ro u p s  r e m a in s  a r o m a t i c  
w h i l e  t h e  midd le  a r o m a t i c  r i n g  o f  t h e  o c t a h y d r o p h e n a n th r e n e  
s t r u c t u r e  i s  h y d r o g e n a t e d .  T h i s  r e s u l t s  i n  t h e  two m ethy l  
g ro u p s  b e i n g  p e r m a n e n t l y  p a r t  o f  a p h e n a n t h r e n e  complex and 
each  s i g n a l  i s  a s i n g l e t .
A d i r e c t  com par i son  can  be made w i t h  th e  m e thy l  s i g n a l s  o f  
2 " ,  3 " - d . i m e t h y l - 2 , 3 • ! 9 8 -d ib e n z o p h e n a l e n e  (IV) w h ich  i n d i c a t e  
t h a t  i t  c o n s i s t s  o f  two i s o m e r s  formed by m i g r a t i o n  o f  t h e  
m e thy lene  p a r t  be tw e e n  t h e  p o s i t i o n s  1 and  9» The spec t rum  
t h e r e f o r e  shows f o u r  s h a rp  m e thy l  s i g n a l s ,  two f o r  each  isomer^ 
which  a r e  a p p r o x i m a t e l y  o f  t h e  same i n t e n s i t y ^  and t h i s  r a t i o
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h a r d l y  a l t e r s  on h e a t i n g  o r  c o o l i n g  t h e  sam ple .  The CH2 s i g n a l
i s  a "broad, p o o r l y  r e s o l v e d  m u l t i p l e t  . The c o r r e s p o n d i n g
m o n o rae thy ld ibenzophena lenes  ( V i ) , ( V I I l )  e ac h  show two m e thy l
s i g n a l s  e x a c t l y  a n a l o g o u s  t o  t h e  d i m e t h y l d e r i v a t i v e  (TV).
The h y d r o c a r b o n  6 . 7 - d i m e t h y l d i b e n z a n t h r a c e n e  (Xl)  h a s  b e e n
s y n t h e s i s e d  a s  a  f u r t h e r  example o f  th e  © -d im e th y l  s u b s t i t u e n t
e f f e c t .  C o n d e n s a t io n  o f  2 , 4 ? 5~^r i me" t^ylbenzoyl  c h l o r i d e  ( S I l )
w i t h  p h e n a n t h r e n e  ( X I I l )  gave a s  t h e  main p r o d u c t  t h e  k e t o n e
(XIV). Ho wever  s m a l l e r  amounts o f  t h e  i s o m e r i c  k e t o n e s  (XV)
43
and(XVI) were  a l s o  fo rm ed .  T h i s  was shown by t h e  p y r o l y s i s  
o f  t h e  c rude  k e t o n e  m i x t u r e .  The main p r o d u c t  was t h e  r e q u i r e d  
h y d r o c a r b o n  ( X l ) . I t s  c o n s t i t u t i o n  c o u ld  e a s i l y  be e s t a b l i s h e d  
by t h e  U.V. and n . m . r .  s p e c t r a .  O x i d a t i o n  w i t h  chromic  a c i d  
i n  a c e t i c  a c i d  gave t h e  qu inone  (X V I l ) .
A n o th e r  i s o m e r i c  h y d ro c a rb o n  fo rmed  by t h i s  p y r o l y s i s  was 
8 , 9 - d i m e t h y 1 - 3 , 4 - b e n z o t e t r a p h e n e  (X VII l )  w h ich  c o u ld  have 
o r i g i n a t e d  from th e  k e t o n e s  (XV) and (XVI). T h i s  was r e a d i l y  
r e c o g n i s e d  from t h e  U.V. sp e c t ru m .  There  was a l s o  a sm a l l  
amount o f  a  yel low/ h y d ro c a r b o n  formed from t h e  k e t o n e  (X Vl) .
I t  h a s  t h e  s t r u c t u r e  o f  8 , 9 - d i m e t h y l - l , 2 - b e n z o t e t r a c e n e  (XIX) 
and c o u l d  be removed r e a d i l y  due t o  i t s  h igh  r e a c t i v i t y  w i t h  
m a l e i c  a n h y d r i d e .
A l i t e r a t u r e  s e a r c h  showed t h a t  1 , 5 - d i m e t n y l a n t h r a c e n e
44(XX) had  b e e n  s y n t h e s i s e d  p r e v i o u s l y  by Haworth and S h e l d r i c k ,
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who obta ined ,  i t  f rom a b y - p r o d u c t  d u r i n g  t h e  a t t e m p t e d  s y n t h e s i s
o f  4 ^ - d - i m e t h y l p h e n a n t h r e n e .  However a much s i m p l e r  s y n t h e s i s
45
was c a r r i e d  ou t  s t a r t i n g  w i t h  D i e l s - A l d e r  a d d i t i o n  o f  two
m o l e c u le s  o f  1 , 3 - p e n t a d i e n e  (XXl) t o  benzoqu inone  ( X X I l ) .
The r e s u l t i n g  i n t e r m e d i a t e  (X XII l )  underw en t  e n o l i c  a r o m a t i s a t i o n
w i t h  p o t a s s i u m  h y d ro x id e  i n  d i e t h y l e n e  g l y c o l ^ t o  g i v e  1 , 5 -
d i m e t h y l a n t h r a q u i n o n e  (XXIV). H e d u c t i o n  o f  t h e  q u in o n e ,  and
p u r i f i c a t i o n  o f  t h e  r e d u c t i o n  p r o d u c t  v i a  th e  p i c r a t e  gave
th e  r e q u i r e d  h y d ro c a rb o n  (XX).
1-Iv le thy lan th racene  (XXV) and l - c h l o r o - 4 - r c i e t h y l a n t h r a c e n e  
/ \(XXVI) have a l s o  b e e n  s y n t h e s i s e d  p r e v i o u s l y .  C o n d en sa t io n
o f  p - c h l o r o t o l u e n e  w i t h  p h t h a l i c  a n h y d r id e  g i v e s  t h e  k e t o  a c i d
(XXVII) w hich  c y c l i s e s  t o  t h e  a n t h r a q u i n o n e  (XXVIl) w i t h  oleum.
D i r e c t  r e d u c t i o n  o f  t h e  qu inone  w i t h  p y r i d i n e ,  a c e t i c  a c i d  an d
z i n c  d u s t ,  and ch rom a tography  o f  t h e  c rude  p r o d u c t  g i v e s  (XXVl).
l - C h l o r o - 4 * -m e th y l a n th r a q u i n o n e  can  be d e h a l o g e n a t e d  w i t h
46
copper  and p o t a s s i u m  a c e t a t e  i n  n i t r o b e n z e n e  and th e  r e s u l t i n g
l~ m e t h y l a n t h r a q u i n o n e  p u r i f i e d  by ch ro m a to g rap h y .  The h y d roca rbon
(XXV) i s  o b t a i n e d  by r e d u c t i o n  o f  t h i s  quinone  (XXIX) and p u r i f i e d
v i a  th e  p i c r a t e .
The known l , 2 , 5 > 6 ~ t e t r a r a e t h y l n a p h t h a l e n e  (XXX) was formed
by a d d i t i o n  o f  d im e th y l  s u l p h a t e  t o  th e  i n t e r m e d i a t e  p r o d u c t
47
from n - b u t y l l i t h i u m  and l , 5- d i b r o m o - 2 , 6 - d i m e t h y l n a p h t h a l e n e  
and was p u r i f i e d  by c h rom a tog raphy .  The b r o m i n a t i o n  o f  2 , 6 -
(xxxv)
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d i m e t h y l n a p h t h a l e n e  gave improved y i e l d s  over  th e  l i t e r a t u r e  
48
p r e p a r a t i o n .  A R e iche  a ld e h y d e  s u b s t i t u t i o n  on 1 - m e t h y l —
49
n a p h t h a l e n e  (XXXI) gave t h e  known 1 - f o r m y l - 4 -m e t h y l n a p h t h a l e n e  
(XXIl) e x c l u s i v e l y .  R e d u c t i o n  w i t h  h y d r a z i n e  h y d r a t e  and  d i s t ­
i l l a t i o n  gave  th e  p u r e  p r o d u c t ,  t h e  known 1 , 4 - d i m e t h y 1 -  
n a p t i t h a l e n e  (X X X II l ) .
The t r i p l e t  m e th y l  s i g n a l  o b s e rv e d  i n  t h e  n . m . r .  s p e c t r a  
o f  b o t h  4 - m e t h y l  and 4 >9 - d i m e t h y l p y r e n e  p rompted  t h e  s y n t h e s i s  
o f  4 - m e t h y l d i b e n z o p (y r e n e  (XXXIV) i n  o r d e r  t o  see  i f  t h i s  
e f f e c t  was r e p e a t e d .  M e t h y l a c r y l i c  a c i d  (XXXV) r e a c t s  w i t h  
2 , 3 1 7 , 8 - d i b e n z o p h e n a l e n e  i n  a s i m i l a r  manner t o  m a l e i c  a n h y d r id e  
f o rm in g  t h e  i n t e r m e d i a t e  a c i d  (XXXVI) .  The n . m . r .  spec t rum  o f  
t h i s  p r o d u c t  showed t h a t  a l t h o u g h  b o t h  p o s s i b l e  i s o m e r s  (XXXVl) 
and (XXXVIa) had  b e e n  fo rm ed ,  u n f o r t u n a t e l y  (XXXVIa) was by 
f a r  f a v o u r e d  o ver  t h e  r e q u i r e d  i s o m e r .  However a z i n c  c h l o r i d e ,  
sodium c h l o r i d e  m e l t  o f  t h e  crude  a c i d  m i x tu r e  d i d  y i e l d  a 
s m a l l  amount o f  th e  r e q u i r e d  h y d ro c a rb o n  (XXXIV) b u t  a f t e r  
p u r i f i c a t i o n  from t h e  i s o m e r i c  m e t h y lb e n z o p e r y l e n e  (XXXVII) 
o n ly  enough p r o d u c t  t o  a l lo w  an  a n a l y s i s ,  U.V. sp e c t ru m  and 
mass s p e c t ru m  was a v a i l a b l e .
The l a c k  o f  c o u p l i n g  be tw ee n  t h e  m e th y l  group and t h e  p r o t o n s  
o r t h o  and meta  t o  i t  i n  3 - m e t h y lp y r e n e  and 3 . 8 - d im e th y lp y re n e  
(XXXVIII) has  b e e n  d i s c u s s e d .  I n  o r d e r  t o  see  i f  a  bromine 
s u b s t i t u e n t  i n  t h e  meta  p o s i t i o n  would  enhance t h e  c o u p l in g
39.
"between t h e  m e thy l  g roup  and t h e  r e m a i n i n g  o r t h o  p r o t o n ,  >3 >&- 
dibroiDO-5> 1 0 - d i m e t h y l p y r e n e  (XXXIX) was o b t a i n e d  f r e e  o f  i s o m e rs  
by d i r e c t  b r o m i n a t i o n  o f  th e  h y d ro c a rb o n  (XXXVIIl)^ i n  ca rb o n  
d i s u l p h i d e .  In  p a r t i c u l a r ,  l , 5 - d i b r o m o - 2 , 3 , 6 , 7 - t e t r a m e t h y l -  
n a p h t h a l e n e  (XL) and l~ b rom o~ 2 ,3—d i m e t h y l n a p h t h a l e n e  ( i V a ) ,  
and  i n  g e n e r a l ^ t h e  s i m p l e r  bromo d e r i v a t i v e s  d i s c u s s e d  i n  t h i s  
work were  formed by t h i s  method o f  b r o m i n a t i o n ^ a n d  p u r i f i e d  by 
c r y s t a l l i s a t i o n  o r  vacuum d i s t i l l a t i o n .
40
EXPERIMENTAL
3 ,4 -D im e th y l a c e t o p h e n o n e
P r e p a r e d  by F r i e d e l - C r a f t s  r e a c t i o n  o f  a c e t y l  c h l o r i d e  and
o - x y l e n e  u s i n g  a lumin ium t r i c h l o r i d e .  The p r o d u c t  was p u r i f i e d
o 5Cby vacuum d i s t i l l a t i o n  B p t .  135-138°  (20 m.m.) ( L i t  . B . p t .  2 4 6 - 7 ° ) .
3 » 4 -D in ie th y rb en zo ic  a c i d
The above a c e t y l x y l e n e  (300 gm.) was s lo w ly  added t o  a s t i r r e d
s o l u t i o n  o f  4 j  l i t r e s  o f  com merc ia l  sodium h y p o c h l o r i t e  (lO^j) a t
8 0 ° .  The a d d i t i o n  was e x o t h e r m ic  and  t h e  t e m p e r a t u r e  r o s e
and  was m a i n t a i n e d  a t  100° f o r  40  m i n u t e s ,  u n t i l  t h e  o r g a n i c
l a y e r  had  a lm o s t  c o m p l e t e l y  r e a c t e d  and  th e  aqueous  l a y e r  was
p a l e  y e l l o w .  The m i x tu r e  was c o o l e d ,  e x t r a c t e d  w i t h  e t h e r  t o
remove u n r e a c t e d  k e t o n e  and e x c e s s  h y p o c h l o r i t e  d e s t r o y e d  w i t h
sodium m e t a b i s u l p h i t e  powder .  The r e s u l t i n g  s o l u t i o n  was
a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  y i e l d i n g  t h e  a c i d
as  a w h i t e  p r e c i p i t a t e  w h ich  was washed w i t h  w a t e r  and  d r i e d .
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Y i e l d  228 gm. m . p t .  162-164 . ( L i t .  m . p t .  1 6 6 ° ) .
'3»4"“P im e th y lb e n z o y l  C h lo r i d e
T h i s  was  p r e p a r e d  e x a c t l y  a s  d e s c r i b e d  b;y Morgan and Coulson
by r e f l u x i n g  t h e  a c i d  w i t h  e x c e s s  t h i o n y l  c h l o r i d e .  Vacuum
d i s t i l l a t i o n  gave  t h e  p u re  a c i d  c h l o r i d e  (210 gm.) B . p t .  150—
52
155° (25 m .m .) .  ( L i t .  B . p t .  188° ( l 4 0 r a . r a . )  ) .
41.
9 - x y l o y l - l i 2 , 3 ? 4 i 5 ^ 6 , 7 > 8 - o c t a h y d r o p h e n a n t h r e n e  ( I I )
The a c i d  c h l o r i d e  (210 gm.) and l , 2 , 3 j 4 > 5 j 6 > 7 > 8 - o c t a h y d r o -  
p h e n a n t h r e n e  (220  gm.) were d i s s o l v e d  t o g e t h e r  i n  900  m is .  o f  
d ry  b e n z e n e .  F i n e l y  powdered a lumin ium c h l o r i d e  (250 gm.) was 
added  i n  t h r e e  p o r t i o n s  w i t h  s t i r r i n g .  The s o l u t i o n  was 
oi'ange r e d  i n i t i a l l y ^  becoming d a r k  r e d d i s h - b r o w n  a f t e r  a d d i t i o n  
o f  a l l  t h e  a lumin ium c h l o r i d e .  The m i x tu r e  was s t i r r e d  f o r  two 
h o u r s  a t  room t e m p e r a t u r e  u n t i l  no more hydrogen  c h l o r i d e  g a s  
was e v o l v e d .  The d a r k  r e d  v i s c o u s  m e l t  was decomposed w i t h  
i c e  and d i l u t e  h y d r o c h l o r i c  a c i d ,  and t h e  o i l y  o r g a n i c  l a y e r  
s e p a r a t e d  from t h e  a q ueous  l a y e r , washed  w i t h  d i l u t e  ammonia 
and w a t e r  and d r i e d  w i t h  anhyd rous  sodium s u l p h a t e .  The 
s o l v e n t  was removed by d i s t i l l a t i o n  l e a v i n g  th e  c rude  k e t o n e  
(372 gm.) a s  a t h i c k  r e d d i s h  brown o i l .  A sample o f  th e  k e to n e  
was t r i t u r a t e d  w i t h  e t h e r  a f f o r d i n g  a w h i t e  c r y s t a l l i n e  p r o d u c t  
w h ich  on f u r t h e r  r e c r y s t a l l i s a t i o n  from a l c o h o l  gave s h o r t  
c o l o u r l e s s  p r i s m s  m . p t .  1 0 7 ~109° and  gave a y e l lo w  s o l u t i o n  
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
Found C=86.40^o, H=8.20^>
C H 0  r e q u i r e s  C=86.75fs> H=ti.23^>
23 26
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2 " ,  3 lf- d i ^ e t h y l ~ 2 , 3 s 7 . 8 - d i b e n z o p h e n a l e n e  ( IV) .
The above c rude  k e t o n e  ( 37O gm.) was h e a t e d  t o  390~40(J° i n  
a d i s t i l l a t i o n  a p p a r a t u s .  The l i q u i d  d a rk e n e d  much l e s s  t h a n  
d u r i n g  o t h e r  E l b s  r e a c t i o n s .  A f t e r  30 m ins .  no more w a t e r  
was e v o l v e d  and t h e  amount o f  w a t e r  i n  t h e  r e c e i v e r  f l a s k  
m easured  19 m i s . 3 a lm o s t  t h e  t h e o r e t i c a l  vo lume.  The r e s i d u e  
i n  t h e  f l a s k  was a l i g h t  brown g l a s s  which  c r y s t a l l i s e d  when 
t r i t u r a t e d  w i t h  l i g h t  p e t r o l  ( 1 0 0 - 1 2 0 ° ) .  The r e s u l t i n g  
p r e c i p i t a t e  (40  gm.) was f i l t e r e d  and washed ’w i th  l i g h t  p e t r o l .  
Chromatography o f  a sample w i t h  l i g h t  p e t r o l  (6 0 -8 0 ° )  and benzene 
on Grade I  n e u t r a l  a l u m in a  gave a s o l u t i o n  w i t h  a b l u e  f l u o r e s c e n c e .  
C o n c e n t r a t i o n  y i e l d e d  c o l o u r l e s s  n e e d l e s  m . p t .  I 4 8 - I 5O0 w hich  
d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w i t h  a  deep r e d  c o l o u r  
and an o range  f l u o r e s c e n c e .  The U.V. spec t rum  i s  shown i n  F i g .  2.
Found C=93,63/£, H«6.297°
C H r e q u i r e s .  C=93»84fo, H=6 . l 6$&
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2 11, 3 u-Dimethy  1 - 2 , 3  • 7 < 8 - d i b e n z o p h e n a l y  1 - 9 - s u c c i n i c  anhydr  ide  (V ) .
The above h y d ro c a r b o n  (10 gm.) and m a l e i c  a n h y d r i d e  (10 gm) 
were r e f l u x e d  i n  75 ml» °£ x y l e n e  u n d e r  c a rb o n  d i o x i d e  f o r  
f i v e  h o u r s .  On c o o l i n g  a p o r t i o n  o f  l i g h t  brown c r y s t a l l i n e  
p r o d u c t  p r e c i p i t a t e d ,  t h i s  was f i l t e r e d  and r e t a i n e d  (2 g m . ) .
43.
The x y le n e  s o l u t i o n  was s team d i s t i l l e d  and t h e  r e s u l t i n g  p a l e  
y e l l o w - o r a n g e  o r g a n i c  r e s i d u e  was d i s s o l v e d  i n  d i l u t e  aqueous  
sodium h y d r o x i d e .  The s o l u t i o n  was q u i c k l y  g r a v i t y  f i l t e r e d  
and a c i d i f i e d  h o t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The 
r e s u l t i n g  gum, on b o i l i n g  w i t h  e x c e s s  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d , y i e l d e d  a p a l e  cream p r e c i p i t a t e  w h ich  was f i l t e r e d ,  
washed  w i t h  w a t e r  and d r i e d  ( l l  gm). H e c r y s t a l l i s a t i o n  from 
b enzene  y i e l d e d  c o l o u r l e s s  p r i s m s  m . p t .  213-214°  w hich  gave  
a  deep magenta  s o l u t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
Found 0=79.16%, ^ 5 . 46%
C H 0 r e q u i r e s  0=79*°1%> H=5»40%
27 22 4
The a n h y d r i d e  was n o t  o b t a i n e d  i n  a p u r e  s t a t e  f o r  a n a l y s i s .
1 1 . 2 1 . 3 1.4  *. 2 . 3 - H e x a h y d ro - 2 11. j ' ^ d i m e t h y l - g , 3 :7  . b - d i b e n z o p h e n a l e n e ( l l l )  
A f t e r  d i s s o l v i n g  t h e  above a c i d  d e r i v a t i v e  i n  d i l u t e  a l k a l i  
and f i l t e r i n g  t h e  s o l u t i o n ,  an  orange  r e s i d u e  (0 .1 4  gm.) 
r e m a in e d  whose U.V. sp ec t ru m  was t h a t  o f  a s u b s t i t u t e d  p h e n a n t h r e n e .  
T h i s  p r o d u c t  was d i s s o l v e d  i n  x y l e n e ,  t h e  s o l u t i o n  f i l t e r e d ,  
d r i e d  and c o n c e n t r a t e d .  Chromatography o v e r  Grade I  n e u t r a l  
a lu m in a ,  e l u t i n g  w i t h  l i g h t  p e t r o l  (4 0 - 6 O0) and benzene  gave 
a c o l o u r l e s s  s o l u t i o n  w i t h  a b l u e  f l u o r e s c e n c e .  C o n c e n t r a t i o n  
o f  t h i s  s o l u t i o n  gave  c o l o u r l e s s  c r y s t a l s  (70  m g s . ) ,
H e c r y s t a l l i s a t i o n  from l i g h t  p e t r o l  ( 100 - 120°)  y i e l d e d  c o l o u r l e s s
l o g e
500040003000 v/avel ength 2
Fjg, 1 Absorption max, (2)  and l o g £  (in parentheses)
1 1, 2 ' , 3 ' , 4 ’ , 2 , 3 -  Hexahyrdo-2" , 3 " - d i m e th y l - 2 , 3 : 7 ,8 -d ibenzophena lene  i n  
cyclohexane CC 13 5 7 0 (3 * 0 4 ) ,3 3 9 0 (3 * 0 0 ) ,3 2 2 0 (2 .8 3 ) ;p • 3070(4*24) ,2950(4*10) ,
2840(4 . 2 0 ) , 2750 ( 4 . 3 7 );[3 : 2610(4 . 79)5  p/ : 21d 0 ( 4 . 52 ) .
44.
prisms m.pt. 169-171° which gave no colour with concentrated
s u l p h u r i c  a c i d .  The U.V. sp ec t ru m  i s  shown F i g .  1.  The n . m . r .
spectrum in CS at 60 H.Hz. % : 1 • 7C2ii) multipletj 2.6(4H)
2
multipletj 7.58 (3H) s in g let;  7.62 (3H) singlet;  8 . 4  (9h) broad 
raultiplet.
Found 0=92.03$, H=6.02$
C H r e q u i r e s  0=91 .95$ ,  H=ti.05$
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2 ! , 3 * - U i m e t h y l - 1 . 2 : 6 . 7 - d i b e n z o p y r e n e  ( i ) ,
The above a c i d  (5  gm.)  , f u s e d  z i n c  c h l o r i d e  ( 3 5  gm.) and 
sodium c h l o r i d e  (8 gm.) were  powdered  t o g e t h e r  and t h e  m i x tu r e  
h e a t e d  t o  310° f o r  10 m i n u t e s .  The m e l t  s e p a r a t e d  i n t o  two 
l a y e r s ,  a  wine r e d  o r g a n i c  l a y e r  f l o a t i n g  on t h e  c o l o u r l e s s  
i n o r g a n i c  m i x t u r e .  The m e l t  was c o o l e d ,  powdered  and th o r o u g h l y  
e x t r a c t e d  w i t h  b o i l i n g  x y l e n e .  The d a r k  brown s o l u t i o n  was 
f i l t e r e d ,  d r i e d  and c o n c e n t r a t e d .  The s o l u t i o n  was chromato ­
g ra p h e d  o v e r  Grade I  n e u t r a l  a lu m in a  e l u t i n g  w i t h  h o t  x y l e n e ,  
gave f i r s t l y  d im e t h y l d i b e n z o p h e n a l e n e  and t h e n  d i m e t h y l d i b e n z o -  
py ren e  w h ich  a c c o r d i n g  t o  U.V. s p e c t r a l  e x a m in a t io n  a l s o  
c o n t a i n e d  some o f  the.  i s o m e r i c  d i m e t h y l b e n z o p e r y l e n e . C o n c e n t r a t i o n  
gave a m i x tu r e  o f  t h e s e  two h y d ro c a rb o n s  ( 0 . 7  gm.) w hich  was 
r e f l u x e d  w i t h  e x c e s s  m a l e i c  a n h y d r id e  and c r y s t a l  o f  i o d i n e  
i n  o r d e r  t o  remove t h e  p e r y l e n e  d e r i v a t i v e .  The m e l t  was p u u re d
VC  j-j
3000 Wavelength & 500040002000
Fig .  2 A bsorp t ion  max. (&) and log  £  ( i n  p a r e n th e s e s )
---------------2 * , 3 * -  Dibenzo-2 ,3*7»8-pyrene  i n  benzene (X s 3840(2 .91) ,
3660(3 .15) ,  3 5 7 0 ( 3 .1 7 ) 5 0 : 3 3 1 0 (4 .3 6 ) ,3 1 8 0 (4 .4 3 ) ;  R s 2920(4 .88) ,  
2790(4 .94) .  K
--------------- 2 " , 3 M-D im e th y l -2 ,3 i7 ,8 -d ib e n z o p h e n a le n e  in  cyclohexane
a  * 3740(3 .24) ;  p :  3400 (4 .20 ) ,  3320(4 .25) ;  3  s 2780(4.45)* 2730(4-50);  
p/  :2300(4 .84)
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i n t o  w a t e r  and e x t r a c t e d  with, d i l u t e  sodium hy d ro x id e  t o
remove th e  a c i d i c  c o n d e n s a t i o n  p r o d u c t  o f  t h e  p e r y l e n e  d e r i v a t i v e
and m a l e i c  a n h y d r i d e .  The r e s i d u e  ( 0 .4  s )  was f i l t e r e d  o f f  and
d i s s o l v e d  i n  x y l e n e .  The d r i e d ,  c o n c e n t r a t e d  s o l u t i o n  was
ch rom a to g rap h ed  o v e r  a  s h o r t  column o f  a lu m in a  and c o n c e n t r a t i o n
o f  th e  x y l e n e  e l u a n t  gave  a lm o s t  c o l o u r l e s s  n e e d l e s ,  m . p t .  249~ 
o
250  w h ich  d i d  n o t  d i s s o l v e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
The U.V. sp ec t ru m  i n  shown i n  F i g .  2.
Found C=94.79/c»
C H r e q u i r e s  0=94-51^4
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2 ,4  9 5~lIlr i m e t h y l a c e t o p h e n o n e
T h i s  was p r e p a r e d  "by F r i e d e l - C r a f t s  r e a c t i o n  o f  a c e t y l  c h l o r i d e  
and pseudo-cumene u s i n g  a lumin ium c h l o r i d e ,  and p u r i f i e d  by
52
vacuum d i s t i l l a t i o n .  B . p t .  140  (25  r a m . )  ( L i t .  137-138 (20m.m.)
2 . 4 . 5 - T r i m 9 t h y l b 9 n z o i o  a c i d .
E x a c t l y  a s  d e s c r i b e d  f o r  t h e  sodium h y p o c h l o r i t e  o x i d a t i o n
o f  3 , 4 - d i m e t h y l a c e t o p h e n o n e .  Y i e l d  110 gm. from 150 gm. o f
54
k e t o n e ,  m . p t .  144-148 ( L i t .  m . p t .  150 ) .
2 . 4 . 5 - T r i m e t h y l b e n z o y l  c h l o r i d e .
T h i s  was p r e p a r e d  by r e f l u x i n g  t h e  aoove a c i d  w i t h  e x c e s s  
t h i o n y l  c h l o r i d e  and vacuum d i s t i l l i n g  t h e  product^  y i e l d  80 gm. 
B . p t .  1 00 -185°  (25 m .m . ) .
H-5.35^
H=5.497*
46.
9 - (  2 , 4 , 5 - t r i m e t  nyIbe nzo.yl) ~pnenar.t  n rene  ( XIV)
The a c i d  c h l o r i d e  (75 Sra») a n ^ p h e n a n t h r e n e  (66 gm.) were 
d i s s o l v e d  i n  benzene  ( lO O m l . ) .  Powdered aluminium c h l o r i d e  
(75 gra») was added i n  two p o r t i o n s  w i t h  s t i r r i n g .  The m i x tu r e  
was o range  r e d  i n i t i a l l y  becoming d a r k e r  a f t e r  a d d i t o n  o f  a l l  t h e  
alumin ium c h l o r i d e ' .  A f t e r  t h e  e v o l u t i o n  o f  hydrogen c h l o r i d e  
c e a s e d ,  t h e  m e l t  was decomposed w i t h  i c e  and d i l .  h y d r o c h l o r i c  
a c i d .  Xylene was added ,  and th e  o r g a n i c  l a y e r  washed w i t h  ho t  
w a t e r  and d i l u t e  ammonia. I n  o r d e r  t o  remove m o i s t u r e ,  some 
o f  t h e  s o l v e n t  was d i s t i l l e d  o f f ,  and t h e  s o l u t i o n  f i l t e r e d .
On s t a n d i n g  o v e r n i g h t  c r y s t a l s  (19 gm.) s e p a r a t e d .  R e c r y s t a l l -  
i s a t i o n  from e t h a n o l  y i e l d e d  lo n g  p a l e  y e l lo w  p r i s m s ,  m . p t .  192  
-1 9 4 °  w h ich  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm ing  
a y e l l o w  s o l u t i o n .
Found C=88.34r>> E=6.43fo
C E O  r e q u i r e s  0=88.857^, K=6 . 21c/o
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6 . 7 —D im e th y l—1 , 2 : 3 . 4 - d i b e n z a n t h r a c e n e  (Xj)
The above x y l e n e  s o l u t i o n  o f  t h e  k e t o n e s  was b o i l e d  t o  
remove t h e  s o l v e n t s .  A f t e r  f u r t h e r  h e a t i n g  a t  420 f o r  30 m in u te s  
t h e  e v o l u t i o n  o f  w a t e r  c e a s e d .  On c o o l i n g  th e  d a rk  brown g l a s s
was d i s s o l v e d  i n  x y l e n e ,  t r a c e s  o f  w a t e r  removed by b o i l i n g ,
and t h e  c o n c e n t r a t e d  s o l u t i o n  ch rom a tog raphed  over  Grade I  n e u t r a l
HP
3000 Wavelength X 40Q0 
Fig.3 Absorption max. (£) and log £ (in parentheses)
2000 5000
  6,7-Dimethyl-l,2:3,4-dibenzanthracene in cyclohexane CL s3T80(2.79);
p i  3 4 9 0 (3 .5 1 ) ,3 3 5 0 (3 .9 2 ) ,3 2 2 0 (4 -0 1 ) ;  P s 2890( 5 . 19),2785( 5 . 0 4 ) , 2 6 s o (4 .79), 
2500(4 .62) .
 9 , 1 0 -D im e th y l -3 ,4 -b en zo te t r ap h en e  i n  benzene (X, :3950(3*65) ;  ps3b60(3«79)
368 0 (3 .b 8 ) ,3 5 1 0 ( 3 . ^ 2 ) , 3 1 2 0 ( 4 .0 2 ) ;  p  :308 0 (4 .6 5 ) ,2 9 4 0 (4 .9 4 ) ,2 8 6 0 (4 .7 5 ) •
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a l u m in a .  E l u t i n g  w i t h  x y l e n e  gave  f i r s t l y  a  c o l o u r l e s s  s o l u t i o n  
w i t h  a b lu e  f l u o r e s c e n c e  w hich  showed t h e  U.V. spec t rum  o f  a 
1 , 2 : 3 , 4 - d i b e n z a n t h r a c e n e  d e r i v a t i v e .  A l l  t h e  f o l l o w i n g  f r a c t i o n s  
showing t h i s  sp e c t ru m  were u n i t e d  and c o n c e n t r a t e d .  P a l e  y e l lo w  
l e a f l e t s  were o b t a i n e d  which  a f t e r  f u r t h e r  r e c r y s t a l l i s a t i o n  
from x y l e n e  had m. 'pt .  219-220°  and d i s s o l v e d  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  t o  g i v e  a b l u e - g r e e n  s o l u t i o n .  The U.V. spec t rum  
i s  shown i n  F i g .  3.
Found C=93.96f0, H=6.047°
C H r e q u i r e s  C=94.08%  H=5.92fo
24 18
9,10-D jm.e t  hy 1 - 3 , 4  -b  e nz o t  e t  r  ap he ne (XVII I)
The l a t t e r  f r a c t i o n s  from t h e  column showing t h e  U.V. spec t rum  o f  
a  3 ,4  -  b e n z o t e t r a p h e n e  d e r i v a t i v e  v/ere u n i t e d .  C o n c e n t r a t i o n  
y i e l d e d  b r i g h t  y e l l o w  c r y s t a l s  (3 g m . ) .  fFhe U.V. spec t rum  
i n d i c a t e d  t h a t  t h e y  c o n t a i n e d  t h e  i s o m e r ,  6 , 9 - d im e th y 1 - 1 , 2 -  
b e n z o t e t r a c e n e  w i t h  p - b a n d s  a t  4540 and  4250iL T h i s  c o u ld  be 
removed by t r e a t i n g  a d i l u t e  b o i l i n g  x y l e n e  s o l u t i o n  o f  t h e  
h y d ro c a rb o n  m i x tu r e  ( l * 3  gm.)  w i t h  s m a l l  amounts o f  m a le i c  
a n h y d r id e  u n t i l  t h e s e  b a n d s  d i s a p p e a r e d  from t h e  s p ec t ru m .
On c o o l i n g  p a l e  y e l lo w  p l a t e s  c r y s t a l l i s e d  and a l t e r  r e c r y s t a l l — 
i s a t i o n  from x y l e n e  gave m . p t .  3 0 0 —309° ,  d i s s o l v i n g  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  w i t h  a magenta  s o l u t i o n .  The U.V. spec t rum
i s  shown i n  F i g .  3 .
48.
Found 0=93*79%  H=6.01%
C H r e q u i r e s  0=94.06^-, H=5.927’
24 18
6 , 7 - D i m s t h y l - l . 2 : 3 . 4 - d i ' b e n z a n t b r a q u i n o n e  (XVIl)
6 , 7 - U i m e t h y l - 1 . 2 : 3 . 4 “dit>en2; a n th r a c e n e  ( 0 .5  g m . ) was suspended  
i n  a c e t i c  a c i d  (1 0  m l . )  ana  r e f l u x e a  w i t n  a s l i g h t  e x c e s s  o f  
chromium t r i o x i d e  ( 0 . 2  gm.) f o r  30 m i n u t e s .  The p u r p l e  s o l u t i o n  
r a p i d l y  became g r e e n .  "Yater was added and t h e  p r e c i p i t a t e  f i l t e r e d  
o f f ,  washed  w i t h  w a t e r  and d r i e d .  ( 0 . 4  g m . ) .  R e c r y s t a l l i s a t i o n  
tw i c e  from e t h a n o l  y i e l d e d  s m a l l  t h i n  o r a n g e - y e l lo w  n e e d l e s  
m . p t .  2 3 7 - 23 8 0 w h ich  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
t o  g i v e  an  e m e ra ld  g r e e n  c o l o u r .  The U.V. spec t rum  i n  e t h a n o l ;  
Xmax 4 0 3 0 ( 3 . 7 6 ) ;  3 0 5 0 (4 .4 0 ) ;  2 0 0 5 (4 . 5 7 ) ;  2 6 9 0 ( 4 . 6 9 ) ;  2 4 B0 
( 4 . 7 0 ) .
Found • 0=8 5 .5 2  c/°f 11=4.897°
C H 0 r e q u i r e s  0=85 .6 97^ 2=4*797°
24 16 . 2
2 , 3 s 7 ?8 - I ) i b e n z o p h e n a le n e .
T h i s  was p r e p a r e d  by p y r o l y s i s  w i t h  copper  powder a t  40)0° C 
o f  t h e  p r o d u c t  o b t a i n e d  from t h e  F r i e d e l —C r a f t s  c o n d e n s a t i o n  
o f  o c t a h y d r o p h e n a n t h r e n e , b e n z o y l  c h l o r i d e  and aluminuim c h l o r i d e .  
A f t e r  p y r o l y s i s  t h e  p u r e  d ib e n z o p h e n a l e n e  was o b t a i n e d  by vacuum 
d i s t i l l a t i o n  a s  a  p a l e  y e l lo w  s o l i d .
49.
2 ,3  • 7 ? 8 - d . i b e n z o p h e n a i y l - y - i s o p r o p y l i c  a c i d  (XXXVI).
D ib e n z o p h e n a le n e  (6 gm.) was r e f l u x e d  w i t h  m e t h y l a c r y l i c
a c i d  (15 gras.)  f o r  I t - hou rs  a t  120° .  The r e s u l t i n g  m i x tu r e
was d i l u t e d  w i t h  w a t e r  and t h o r o u g h l y  e x t r a c t e d  w i t h  d i l u t e
e t h a n o l i c  sodium h y d ro x id e  s o l u t i o n .  The p a l e  y e l lo w  e x t r a c t
was f i l t e r e d ,  "boiled t o  remove t h e  e t h a n o l  and a c i d i f i e d  h o t
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The r e s u l t i n g  y e l lo w
p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  w a t e r  and d r i e d  (3  g tn . ) .
A sample was r e c r y s t a l l i s e d  from x y le n e  g i v i n g  o f f - w h i t e  n o d u le s  
o
m . p t .  2 2 3 -2 2 4  ? w h ich  gave  a c h e r r y  r e d  s o l u t i o n  ih  c o n c e n t r a t e d  
s u l p h u r i c  a c i d .
Found 0=8 4 . 83fo, H=6.05fo
C H 0 r e q u i r e s  0=8 4 . 7 If0? H=*5*88f>
24 20 2
j  -Me t  h y 1- 1 , 2 : 6 , ih  enz opyre n e . ( XXXIV)
The above a c i d  (5  gm.) was t h o r o u g h l y  powdered w i t h  z i n c  
d u s t  (5  gra.) and sodium c h l o r i d e  ( l 2 . p g ) .  Fused  z i n c  c h l o r i d e  
(25  g . )  was added and  t h e  m i x t u r e  was h e a t e d  w i t h  s t i r r i n g  a t  
310° f o r  10 m i n u t e s .  The p r o d u c t  was a l lo w e d  t o  c o o l  t o  luO^ 
d i l .  a c e t i c  a c i d  was added  and the  m i x tu r e  b o i l e d  f o r  a few 
m i n u t e s .  Tne p r o d u c t  was f i l t e r e d ,  powdered and  b o i l e d  v / i th  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  d e s t r o y  e x c e s s  z i n c .  The 
r e m a in in g  l i g h t  brown s o l i d  was f i l t e r e d ,  washed w i t h  d i l .  e.mmonia,
50.
•
w a t e r  and d r i e d .  The s o l i d  p r o d u c t  was t h o r o u g h l y  e x t r a c t e d  w i t h
x y le n e  g i v i n g  a d a r k  brown s o l u t i o n  w i t h  a g r e e n  f l u o r e s c e n c e .
The d r i e d ,  c o n c e n t r a t e d  x y l e n e  s o l u t i o n  was ch rom a tog raphed  over
Grade I  n e u t r a l  a l u m in a .  The i n i t i a l  e l u a t e  w i t h  benzene  p roved
t o  be m a in ly  d ib e n z o p h e n a l e n e .  The l a t t e r  f r a c t i o n s ,  e l u t i n g
w i t h  x y l e n e ,  on U.V. e x a m i n a t i o n  p r o v e d  t o  c o n t a i n  the required
compound. C o n c e n t r a t i o n  o f  t h e s e  f r a c t i o n s  y i e l d e d  12 mg. o f  a
y e l lo w  n o n - u n i f o r m  c r y s t a l l i n e  powder .  To remove th e  main
i m p u r i t y ,  m e t h y l b e n z o p e r y l e n e ,  t h e  benzene  s o l u t i o n  was shaken
f o r  a few m i n u t e s  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The a c i d
l a y e r  became p u r p l i s h - r e d  a s  t h e  b e n z o p e r y l e n e  d e r i v a t i v e
d i s s o l v e d  i n  t h e  a c i d .  The a lm o s t  c o l o u r l e s s  o r g a n i c  l a y e r
was t h o r o u g h l y  washed w i t h  d i l .  ammonia and w a t e r  and d r i e d  over
anhydrous  sodium s u l p h a t e .  C o n c e n t r a t i o n  o f  th e  s o l u t i o n  y i e l d e d
t i n y  y e l l o w  n e e d l e s  (4  mg.)  m . p t .  267 - 2 7 1 0 'which d i d  n o t  d i s s o l v e
m
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  M.S. m o l e c u l a r  i o n  / e = 3 1 6 ; 
c a l c u l a t e d  M.77. = 316.  U.V. spec t rum  in c y c lo h e x a n e ,
X m a x .  CL : 3 8 6 0 ( 2 . 7 5 ) ,  3 7 4 0 ( 2 . 80) 5 p  : 3 2 8 0 ( 4 . 2 4 ) ,  3 1 5 0 (4 .3 6 )  } 
p s 2873(4.72), 2760(4.78) ; p' * 2 2 5 0 (4 . 9 1 ) .
Pound 0=9 4 . 515!, H = 5 .2 l£ .
^25 % 6  r e q u i r e s  0=94* 94$» H=5*06^
51.
1 , 5 - b ib r o m p - 2 . 3 , 6 . 7 - t e f r a m e t h y l n a p h t h a l e n e  (XL)
2 , 3 , 6 , 7 - T e t r a m e t h y l n a p h t h a l e n e  ( 0 .2 5  gm.) was d i s s o l v e d  i n  
ca rb o n  d i s u l p h i d e  ( 5m l . )  and  a s l i g h t  e x c e s s  o f  bromine  ( 0 . 6gm.) 
i n  ca rb o n  d i s u l p h i d e  was added s lo w ly  w i t h  th e  e x c l u s i o n  o f  
l i g h t .  A c r y s t a l  o f  i o d i n e  was added and t h e  m i x tu r e  l e f t  
o v e r n i g h t .  The s o l v e n t  was removed and t h e  r e s i d u e  d i s s o l v e d  
i n  b enze ne  and  f i l t e r e d .  S e v e r a l  r e c r y s t a l l i s a t i o n s  o f  t h e  
p r e c i p i t a t e  from t h e  benzene  s o l u t i o n ,  u s i n g  l i g h t  p e t r o l  
( 60 - 80° )  gave c o l o u r l e s s  l e a f l e t s  m . p t .  2 1 6 - 217° w hich  d i d  n o t  
d i s s o l v e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The n . m . r .  spec t rum  
i n d i c a t e d  t h a t  t h e  r e c r y s t a l l i s e d  p r o d u c t  was f r e e  o f  t h e  i s o m e r i c
1 , 4 -d ib rom o  d e r i v a t i v e  w hich  was p r e s e n t  i n  th e  crude  r e a c t i o n  
p r o d u c t .
Found C=49«32fc, E=4«177^’
C H Br r e q u i r e s  0=49 .12^ ,  H=4.09f>
14 14 2
3 , 8-Dibromo~5 ? 10-dime t h y  l p y r e n e  ( XXXIX)
3 , 8 -D im e t h y lp y re n e  (40 mgs. )  was d i s s o l v e d  i n  ca rb o n  
d i s u l p h i d e  (3  m j . )  and a s l i g h t  e x c e s s  o f  bromine  (6 0  mgs . )  
i n  c a rb o n  d i s u j . p h id e  ( l  m l . )  was added d ro p w is e .  A f t e r  s t a n d i n g  
o v e r n i g h t  w i t h  a c r y s t a l  o f  i o d i n e ,  t h e  s o l v e n t  was d i s t i l l e d  and 
r e p e a t e d  r e c r y s t a l l i s a t i o n  from x y le n e  gave p a l e  y e l lo w  n e e d l e s  
m . p t .  2 6 4 - 2 8 6 ° w h ich  d i d  n o t  d i s s o l v e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
52.
Found 0 = 5 5 .3 %  H=3.2?^
C H Br r e q u i r e s  0=55 .67^ ,  H=3.08f*
18 12 2
1 , 5~ Pib rom o-2 , 6 - d im e th y l n a p h t ' h a l e n e
2 , 6 - D i m e t h y l n a p h t h a l e n e  (5 0  gm.) was d i s s o l v e d  i n  ca rb o n  
d i s u l p h i d e  (125  gm.)  and bromine  (120  gms.)  added  dropw ise  under  
e x c l u s i o n  o f  l i g h t .  A f t e r  g e n t l y  r e f l u x i n g  f o r  40  h o u r s ,  no 
f u t h e r  hyd ro g en  bromide  was e v o lv e d  and t h e  s o l v e n t  was d i s t i l l e d  
o f f .  The m a in ly  s o l i d  p r o d u c t  was f i l t e r e d  and washed  w i t h  l i g h t  
p e t r o l  (4 O-6 O0 ) t o  remove a s m a l l  amount o f  o i l y  monobromo. d e r i v a t i v e
Two r e c r y s t a l l i s a t i o n s  from l i g h t  p e t r o l  (100 -120° )  gave long
o o* 8f l a t  c o l o u r l e s s  p r i s m s -  (32 gm.) m . p t .  160 ( L i t .  m . p t .  160-161 ) .
1 , 2 , 5 16 - T e t r a m e t h y l n a p h t h a l e n e  (XXX)
L i th iu m  (9g'in») was d i s s o l v e d  i n  an e t h e r e a l  s o l u t i o n  o f  
n - b u ty l b r o m id e  (85  gm.) u n d e r  n i t r o g e n .  l , 5 ~ D i b r o m o ~ 2 , 6 - d i -  
m e t h y l n a p h t h a l e n e  (10  gm.) i n  benzene was added d ropw ise  and 
the  d a r k  r e d  s o l u t i o n  became p a l e  and c lo u d y .  The s o l u t i o n  
was r e f l u x e d  f o r  two h o u r s .  D im ethy l  s u l p h a t e  (130 gm . )  was 
added d ro p w is e  t o  t h e  c o o l e d  s o l u t i o n  g i v i n g  a v e r y  v i g o r o u s  
r e a c t i o n .  The m i x t u r e  was r e f l u x e d  f o r  a f u r t h e r  hour  and 
decomposed w i t h  .5/! s u l p h u r i c  a c i d .  The o r g a n i c  l a y e r  was 
d r i e d  w i t h  a n hyd rous  sodium s u l p h a t e ,  r e d u c e d  to  s m a l l  volume 
and ch rom a tog raphed  o v e r  Grade I  n e u t r a l  a lu m in a .  The e l u a t e  
w i th  l i g h t  p e t r o l  ( 6 0 - 8 0 °)  y i e l d e d ,  on c o n c e n t r a t i o n ,  c o l o u r l e s s
53.
p r i s m a t i c  c r y s t a l s  (4 . 4  g . ) ,  which  gave e l o n g a t e d  p r i s m s  on 
r e c r y s t a l l i s a t i o n  from e t h a n o l  m . p t .  115-116°  ( L i t .  m . p t .  l i b 0 ) ,  
d i s s o l v i n g  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w i t h  a l e a f  g r e e n  
c o l o u r a t i o n .
Found * 0=91.48^-, H=8.77^
C H r e q u i r e s  C=91.31^,  H=8.70^
14 16
1 , 5 -D im ethy1 - 1 , 4 , 5 » 8 - t e t r a h y d r o a n t h r a q u inone  ( XXIII)
R e c r y s t a l l i s e d  benzoqu inone  (b g m . ) ,  1 , 3 - p e n t a d i e n e  (20 m l . )
and d ry  x y l e n e  (10 m l . )  were h e a t e d  t o g e t h e r  i n  a s e a l e d  tube  
o
a t  I 50  f o r  8 h o u r s .  The l i g h t  brown v i s c o u s  s o l u t i o n  from f o u r  
such  t u b e s  was t h e n  h e a t e d  u n d e r  vacuum t o  remove t h e  s o l v e n t  and 
e x c e s s  p e n t a d i e n e .  The r e s u l t i n g  gum was r e f l u x e d  w i t h  a l c o h o l i c  
p o t a s s i u m  hy d ro x id e  s o l u t i o n  f o r  15 rains ,  g i v i n g  a t h i c k  m a t t  
o f  c r y s t a l s  and some r u b b e r - l i k e  r e s i n .  The c r y s t a l s  were f i l t e r e d ,  
washed w i t h  a l i t t l e  a l c o h o l  and w a t e r  and d r i e d .  Y i e l d  = 20 gm.
A p o r t i o n  was r e c r y s t a l l i s e d  from a c e t i c  a c i d  g i v i n g  long  t h i n  
c o l o u r l e s s  n e e d l e s ,  190—2 1 0 ° ( s u b l im e s )  w hich  d i d  n o t  d i s s o l v e  
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
Found C=78.475S, H=8.27/£
C H 0 r e q u i r e s  C=7&*657*> H=&.25$
16 20 2
54.
1, 5 ~ P i m e t h y l a n t h r a q u i n o n e  (Xa IV) .
Crude 1, 5- d i m e t h y l - 1 , 4  , 5 j b - t e t r a h y d r o a n t h r a q u i n o n e  (5 gm .)
was d i s s o l v e d  i n  b o i l i n g  d i e t h y l e n e  g l y c o l  (20 m l . ;  g i v i n g
a p a l e  y e l l o w  s o l u t i o n .  P o ta s s iu m  hy d ro x id e  p e l l e t s  (10 gm.)
were added  and  t h e  s o l u t i o n  became d a rk  g r e e n -b ro w n .  The
m i x t u r e  was r e f l u x e d  f o r  20 m in s .  and on c o o l i n g  y i e l d e d  y e l lo w
brown n e e d l e s  w h ich  were f i l t e r e d ,  washed and d r i e d .  (3 gm .)
H e c r y s t a l l i s a t i o n  from x y le n e  gave long  b r i g h t  y e l l o w  n e e d l e s
UUt 0m . p t .  188^189°  ( L i t .  m . p t .  190 ) which  d i s s o l v e  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  fo rm in g  an  orange  s o l u t i o n .
Found C=bl.46fo, H=5.28^
C H 0 requires C=81.39/^> H=5.08/c>
16 12 2
1 , 5 - P i m e t h y l e n t h r a c e n e  (XX).
An i n t i m a t e  m i x t u r e  o f  1 , 5 - h im e th y la n tk r a c ju in o n e  (500 mg.) . 
f i n e l y  powdered  z i n c  d u s t  (5 gm.)  and a few d rops  o f  w a t e r  
were h e a t e d  t o g e t h e r  i n  a s e a l e d  tu b e  a t  250 . The c o n t e n t s  
o f  t h e  tu b e  were powdered  and e x t r a c t e d  w i t h  x y l e n e .  The x y le n e  
s o l u t i o n  was d r i e d ,  c o n c e n t r a t e d  and ch rom a tographed  ove r  Grade I  
n e u t r a l  a lu m in a  e l u t i n g  w i t h  l i g h t  p e t r o l  ( 6 0 - 8 0 ° ) .  The f r a c t i o n s  
were b u l k e d  and c o n c e n t r a t e d  (105  m g . ) ,  b u t  r e p e a t e d  r e c r y s t a l l i s ­
a t i o n  from e t h a n o l  d i d  n o t  g iv e  a s a t i s f a c t o r y  a n a l y s i s  and 
the n . m . r .  spec t rum  i n d i c a t e d  th e  p r e s e n c e  o f  t h e  d ih y d ro
55.
compound. The c rude  a n t h r a c e n e  was d i s s o l v e d  i n  a few ml .  
o f  e t h a n o l  and t h e  ho t  s o l u t i o n  added t o  a warm s o l u t i o n  o f  
p i c r i c  a c i d  i n  e t h a n o l .  The r e s u l t i n g  p i c r a t e  was r e c r y s t a l ­
l i s e d  from e t h a n o l  y i e l d i n g  b r i g h t  c r im so n  n e e d l e s  m . p t .  1 66 -
1*1*
167° ( l i t . m . p t .  1 6 5 - 1 6 9 ° ) .
Found 0=60,87/% H=4.04& N=9.68fu.
C H N 0 r e q u i r e s  C=60.70^,  H=3.90£,  N=9.65£ .
22 17 3 7
Decompos iton  o f  t h e  p i c r a t e .
A s o l u t i o n  o f  t h e  p i c r a t e  (60 mgs . )  i n  x y le n e  was shaken
w i t h  d i l .  ammonia. The o r g a n i c  l a y e r  was washed w i t h  w a t e r ,
d r i e d  and  t h e  s o l v e n t  e v a p o r a t e d .  R e c r y s t a l l i s a t i o n  from
e t h a n o l  gave b e a u t i f u l  p a l e  y e l lo w  l a y e r e d  p l a t e l e t s  m . p t .
U*
135-137°  ( L i t .  m . p t .  139-140°)  w hich  d i s s o l v e d  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  fo rm in g  an o l i v e  g r e e n  s o l u t i o n  w hich  d a rk en e d  
on s t a n d i n g .
Found C=93.0l%, H=6.96?o.
C H r e q u i r e s  0=93*16%? H=6.64%*
16 14
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C H A P T E R  2.
PARA and LONG RANGE COUP L BTC-S i n  I S  THY I  and HALOGEN DERIVATIVES 
o f  LINEAR A CETTE S and" OTHER HYDROCARBONS.
INTRODUCTION
L o n g - ran g e  c o u p l i n g  i n  a r o m a t i c  and c o n j u g a t e d  sy s tem s  h a s
■1,4
b e e n  i n c r e a s i n g l y  i n v e s t i g a t e d ’ i n  r e c e n t  y e a r s  a s  b e t t e r  r e s o l u t i o n
o f  p r o t o n  r e s o n a n c e  s i g n a l s  i s  now p o s s i b l e .  In g e n e r a l  t h e s e
c o u p l i n g s  a r e  s m a l l  and  d i f f i c u l t  t o  d e t e c t ,  e s p e c i a l l y  i n
a r o m a t i c  h y d r o c a r b o n s .  However,  r e c e n t l y  a computer  a n a l y s i s
o f  t h e  n a p h t h a l e n e  spec t rum  i n d i c a t e s  t h a t  even  i n t e r - r i n g
5
c o u p l i n g s  a r e  a s  h ig h  a s  0 . 8  Hz,
I n  t h i s  work we have found  t h a t  a m e thy l  s u b s t i t u e n t  on a
n o n - t e r m i n a l  r i n g  o f  a n t h r a c e n e  o r  t e t r a c e n e  eg .  9 -m e t t i y l -
a n t h r a c e n e  shows a h ig h  d e g re e  o f  c o u p l in g  on ly  w i t h  th e  p a r a
p r o t o n ,  H on t h e  same r i n g .  The me thy l  r e s o n a n c e  i s  a  d o u o le t  
10and i s  s h a r p e n e d  t o  a  s i n g l e t  on ly  by d e c o u p l in g  t h e  p a r a  p ro  bon.
57.
On t h e  o t h e r  hand ,  i n  t h e  c o r r e s p o n d i n g  l i y d r o c a r b o n s yd e c o u p l in g
e x p e r i m e n t s  i n d i c a t e  t h a t  t h e r e  i s  no p a r a  c o u p l i n g  be tw een
p r o t o n s  on t h e  same n o n - t e r m i n a l  r i n g ,  f o r  example p r o t o n s  H and
o
H o f  1 — c h l o r o a n t h r a c e n e . However d e c o u p l in g  does  sho?/ t h a t  
10
t h e r e  i s  c o n s i d e r a b l e  t r a n s - p e r i  c o u p l i n g  be tween  t h e  p e r i  p r o t o n s  
o f  a  t e r m i n a l  r i n g  and  t h o s e  on th e  a d j a c e n t  r i n g  i n  s u i t a b l y  
h a l o g e n a t e d  a n t h r a c e n e s  and t e t r a c e n e s .  There  i s  no ev id e n c e  
o f  e i t h e r  p a r a  o r  p e r i  c o u p l i n g  be tween  t h e  p r o t o n s  on t h e  non­
t e r m i n a l  r i n g s  o f  t e t r a c e n e  d e r i v a t i v e s .
The e f f e c t  o f  a m e th y l  s u b s t i t u e n t  i n  a  n o n - t e r m i n a l  r i n g  h a s  
b e e n  examined  i n  s e v e r a l  o t h e r  h y d r o c a r b o n s ,  b u t  a p p e a r s  t o  have 
most  e f f e c t  i n  t h e  l i n e a r  a c e n e s .  S e v e r a l  p o s s i b l e  e x p l a n a t i o n s  
f o r  t h e s e  o b s e r v a t i o n s  a r e  d i s c u s s e d  i n  t h e  l i g h t  o f  t h i s  e v i d e n c e .
C H CH,
(I) ( I I )
CH CH
( I I I )
(IV)
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D i s c u s s i o n
D ur ing  t h e  work i n v o l v i n g  t h e  n . m . r .  i n v e s t i g a t i o n  o f  double  
bond c h a r a c t e r  i n  m e thy l  d e r i v a t i v e s  o f  p o l y c y c l i c  a r o m a t i c  
h y d r o c a r b o n s ,  9 - ® e t h y l a n t h r a c e n e  ( i )  w hich  has  on ly  one p r o t o n  
i n  a p o s i t i o n  p a r a  t o  t h e  m e thy l  g roup  was s y n t h e s i s e d  and t h e  
n . m . r .  sp ec t ru m  r e c o r d e d  ( F i g .  i ) . The methy l  s i g n a l  i s  a 
d o u b l e t  w i t h  a s u r p r i s i n g l y  l a r g e  s e p a r a t i o n  o f  0 . 3  Hz. T h i s  
i s  due t o  c o u p l in g  w i t h  t h e  p a r a  p r o t o n  IL^ , w h ich  can be shown 
c o n c l u s i v e l y  by i r r a d i a t i n g  a t  t h e  f r e q u e n c y  o f  t h i s  p r o t o n  
shown by a d o t ,  c a u s i n g  th e  m e thy l  d o u b l e t  t o  c o l l a p s e  t o  a 
narrow s i n g l e t .  I r r a d i a t i n g  a t  t h e  m e thy l  f r e q u e n c y  (300Hz) 
and r e c o r d i n g  t h e  a r o m a t i c  p a r t  o f  t h e  s p ec t ru m  p r o d u c e s  no 
change i n  t h e  spec t rum  a p a r t  from t h e  s i g n a l  a t  8-11 Hz. which  
s h a r p e n s  c o n s i d e r a b l y .  T h i s  can be compared w i t h  t h e  v a l u e  
0 .6 3  Hz o f  p a r a  c o u p l i n g  o b s e rv e d  i n  2 , 3 * 5 96 - t e t r a c h l o r o t o l u e n e  
( I I )  T ab le  I .
S i m i l a r l y  t h e  n . m . r .  sp ec t ru m  F i g .  2 o f  5 - n i e t h y l t e t r a c e n e  
( i l l )  shows th e  m e thy l  s i g n a l  a s  a  d o u b l e t  w i t h  a l a r g e r  
s e p a r a t i o n  o f  1 . 0  Hz. T h i s  i s  a s  l a r g e  a s  t h e  c o u p l i n g  o b s e rv e d  
be tw een  t h e  m e thy l  g roup  and t h e  o r t h o  p r o t o n  i n  9 - n i e t h y l -
/ n1?2p h e n a n t h r e n e  ( I V ; 7and i n d i c a t e s  a  c o n s i d e r a b l e  d e g re e  o f  c o u p l in g  
be tw een  th e  methy l  and th e  p a r a  p r o t o n .  D ecoup l ing  th e  methy l  
s i g n a l  s h a rp e n s  th e  b r o a d  s i n g l e t  a t  836  Hz which i s  a s s i g n e d  
t o  t h e  p a r a  p r o t o n ,  H ^ 5  no o t h e r  p a r t  o f  t h e  spec t rum  i s
Chemical sh ift  in X
Compound in CS^ Aromatics Methyl (J in Hz]
CH3
o io H2,3,6,7 2‘70(m) 5 H4 ,52*a W  Ha g 1 . 9 l(m) 5 I^q 1 . 8 9 ( s .  broad) 7.0(d) J= 0.8
ch3
o o io
*2 ,3 ,8 ,9  2-73(m) 5 “1 , 7 , 1 0  2*15«  
H4  i . 9 (m) i H 1 . 6 4 ( 3 ) ; ^  1 . 5 8
(s) 5 Hfi 1.29(a)
6 . 8 8 (d) J- 1.0
,ch3 11^ 2 1»83(s. broad)
6 . 9 5 ( 3 )
CO?
CHs
H2 ',3 ' ,4 '  6,7 2 , 6 oW ’ E 3 2.54(d) 
H4  2 . 0 7 (d);Hg 2 . 0 5 (m);H 1 . 8 5 (m)
Hl t 1.39(ni); Hg 1 .17(s. broad)
7 . 0 4 (d) J= O. 6 5
o 5 9
H2 ' , 3 ' ,4 ' ,3 ,4 , 6 ,7 2 , 5 7 ^m^ iH 5  2' ^ m
H1q 2 . 0 9 ( s .  broad);Hg 1 . 9 2 (111)5
Hl , 1.69(m)
j 6 . 70( s .  broad)
j ch3 ,h1 0 =o. 6 5
JCH ,^ ,= 0 .2
H f'
c c o
H2 , 3 , 6 , 7  2 . 2 7 (m);
^  g 1 . 7 7 (m)j 1 . 9 7 ( 3 . broad) 1
8.27(d) J- 7.0 
nethine 6 . 1 0  
3eptet J= 7 . 0
ObCp
±.---- ..... .
H 3  g 7  2*40(m);Hq 1.8(m)
 ^ l«60(m)}H^ 1 .0 (s .  broad)
_ _ __ , , ■ . ...... ■ ■ —■ ...
6 . 9 0 (d) J= 0 . 8
—.—-------------------
Table 1 .
o =
NW
sv-/orn
c—
•»
VO
•krO
CM
Oo
rH
w
3
ON
r—
in
CO
COo
•rl
©
S3
©O
3
ON
S
CO
8 o f
fn nj
•  v_>>a
m* §  .ro w
ro
fj£)
tu
ON ©
Fi
g 
2# 
H«
jn
*r
. 
sp
ec
tr
um
 
of 
5-
m
9t
by
lte
tr
ac
en
e 
in 
CS^
 
at 
10
0M
Hz
*
5-
CH
3 
31
2(
d)
 
J=
1.
0 
HZ
. 
5 
Hg 
87
1(
s
) 
5 
 ^
84
3(
a)
 
; 
83
6(
a)
 
s 
H4 
8l
O(
m
) 
J 
 ^
80
0-
77
0(
m
) 
? 
H„ 
, 
„ 
71
0-
74
0(
m
) 
Hz
. 
eio
 
TM
S. 
* 
*
59.
a f f e c t e d .  D e c o u p l in g  a t  the  p r o t o n  H c a u s e s  t h e  m e thy l  d o u b l e t
12
t o  c o l l a p s e  t o  a narrow s i n g l e t  ( F i g . 2 ) .
The m agn i tude  o f  t h e s e  c o u p l i n g s  and th e  a p p a r e n t  l a c k  o f  p a r a
c o u p l i n g s  i n  t h e  p a r e n t  h y d ro c a rb o n s  prompted e x a m in a t io n  o f
s u i t a b l y  s u b s t i t u t e d  a n t h r a c e n e s  and t e t r a c e n e s ,  t o  f i n d  i f  t h i s
was a p r o p e r t y  o f  ‘t h e  m e thy l  g roup or  i n h e r e n t  i n  t h e  p a r e n t  
3
m o l e c u le .
Halogen  d e r i v a t i v e s  a r e  i d e a l  f o r  t h i s  p u rpose  and th e  e f f e c t  
o f  t h e  c h l o r i n e  atom i n  1 - c h l c r o a n t h r a c e n e  ( v )  a l s o  i n c r e a s e s  
the  c h e m ic a l  s h i f t  d i f f e r e n c e  be tw een  th e  p r o t o n s  H and
9
H by 30Hz, a l l o w i n g  d e c o u p l i n g  (Tab le  I I ) .  D ecoup l ing  b o t h  
10
th e  p r o t o n s  H and H i n  t u r n . a n d  examin ing  t h e  r e m a in in g  p r o t o n  
9 10 >
r e s o n a n c e  shows no s h a r p e n i n g  o f  t h e  s i g n a l s ,  and t h e r e  can be
no p a r a  c o u p l i n g  b e tw e e n  t h e s e  p r o t o n s .  However d e c o u p l in g  th e
p r o t o n s  H ^  , and  H g c a u s e s  c o n s i d e r a b l e  s h a r p e n in g  o f  t h e
H9 ’ho p r o t o n  s i g n a l s  and th e  r e v e r s e  p r o c e s s  o f  d e c o u p l in g
th e  p r o t o n s  H^ , B .^  s h a r p e n s  t h e  s i g n a l s  o f  t h e  p r o t o n s  H ^ ,
H and H 0 . There  i s  t h u s  no e v id en ce  f o r  p a r a  c o u p l i n g ,
5 o
y e t  s u b s t a n t i a l  p e r i  c i s  a n d / o r  t r a n s  c o u p l in g  i s  o c c u r i n g .
T h i s  i s  c o n f i rm e d  w i t h  1 , 5 - d i c h l o r o a n t h r a c e n e  (Vi)  where 
a l t h o u g h  t h e  p r o t o n s  H and H. a r e  now e q u i v a l e n t  and no
y  J l U
p a r a  c o u p l i n g  would  be e x p e c t e d ,  d e c o u p l in g  o f  t h e  p e r i  p r o t o n s
H , H s h a r p e n s  t h e  9 ,10  p r o t o n  s i g n a l  c o n s i d e r a b l y  (Tab le  2 ) .
4 8
In  o r d e r  t o  see  i f  t h e  c h l o r o  s u b s t i t u e n t  had a l t e r e d  th e
ce ce
(v) (VI)
CH
ce
(in)
(VIII) (IX)
Ob
ce Br
(X)
(XI) (XII)
60*
e l e c t r o n i c  a r r a n g e m e n t ,  and. t o  gauge  t h e  e f f e c t  o f  t h e  methy l  
g roup i n  t h e  p a r a  c o u p l i n g ,  1 - c h l o r o - l C - m e t h y l a n t h r a c e n e  (711)  
was s y n t h e s i s e d  and t h e  n . m . r .  spec t rum  r e c o r d e d .  The expanded 
m e thy l  s i g n a l  (T ab le  I )  i s  a d o u b l e t  w i t h  a s e p a r a t i o n  o f  0 . 8  Hz. 
which i s  due s o l e l y  t o  p a r a  c o u p l i n g  w i t h  t h e  p r o t o n  H .
y
D ecoup l ing  o f  t h i s '  p r o t o n  c a u s e s  t h e  m e thy l  d o u b l e t  t o  c o l l a p s e
t o  a s i n g l e t .  T h i s  would  seem t o  i n d i c a t e  t h a t  th e  m e thy l  group
i s  i n  f a c t  r e s p o n s i b l e  f o r  t h i s  l a r g e  c o u p l i n g .
S u i t a b l y  h a l o g e n a t e d  t e t r a c e n e  d e r i v a t i v e s  were examined
n e x t  t o  f i n d  ou t  i f  t h i s  t r e n d  was r e p e a t e d .  1 , 4 - D i c h l o r o -
t e t r a c e n e  ( V I I I )  i s  v e r y  s u i t a b l e  a s  t h e  p r o t o n  s i g n a l s  a r e
w e l l  s e p a r a t e d  and  e a s i l y  i d e n t i f i e d .  D ecoup l ing  th e  p r o t o n s
H , H h a s  no e f f e c t  on t h e  p r o t o n s  H, and Et and 
5 12  *  ■ 6 11
d e c o u p l i n g  t h e s e  p r o t o n s  does  no t  a f f e c t  t h e  r e s o n a n c e  o f  t h e
p r o t o n s  H and H . T h i s  i n d i c a t e s  th e  ab sen ce  o f  p a r a  
5 12
c o u p l in g  and p e r i  c o u p l i n g  be tw een  t h e  p r o t o n s  o f  t h e  midd le
r i n g s  o f  t e t r a c e n e .  However t h e  s i g n a l  o f  p r o t o n s  H and H
5 -12
i s  n a r r o w e r  and a lm o s t  one t h i r d  a s  i n t e n s e  a s  t h a t  o f  p r o t o n s  
H and H ^-j. T h i s  i s  e x p l a i n e d  by d e c o u p l i n g  t h e  p r o t o n s  H ^ 
w h ich  s h a rp e n s  t h e  p r o t o n  s i g n a l  o f  H ^ and t o  a peak  
h e i g h t  and h a l f  w i d t h  e q u a l  t o  t h e  p r o t o n  s i g n a l  o f  and
H 12  . Decoup l ing  t h e  p r o t o n s  and Ii ^  s h a r p e n s  t h e  p r o t o n
s i g n a l  o f  and EL^ q and t h u s  c o n f i rm s  t h e  p e r i  c o u p l in g  
o b s e rv e d  be tween  th e  middle  r i n g  and t e r m i n a l  r i n g s  i n  a n t h r a c e n e
Chemical s h i f t  i n  X
Compound in  CS^ Aromatics
Osooi H2 ,3 ,6 ,7  2‘84(m) 5 H4 ,5 ,82 ,1 0 (s . sharp) ; H 1 . 40( s .  sharp)
C lQOS H2 ,3 ,6 ,7  2 , 64(m) 5 H^g 2.10(quartet) H9 10 l»27(s.sharp)
c iooaj
H 2.73(s.sharp)j Hg 2. 69(a) 
H 2.10(a))Hg 1 .4 4 (s )j
Hg 1 . 07( s .  sharp)
Clcojo Hg 2 .6 1 (a ); H 2.70(a))H_ 10 2 .00(a)) H1)4 1 .59(a)) Hg 0 .94 (b ).
h2 3 8 9 2 .57(a)} ^  2.04(a))OpOO
Rr
H 1 . 64(a)}Hg 0 . 90(b ).
H g 2.60(a))H1>? 2.09(a)}ULXJU
b i
H 1.64(a)}Hg 1 .0 4 (a ).
oa5o H2 ,3 ,8 ,9  2>68(m). iHl,7 ,1 0  H4 1.63(m))H11 1 . 64(3 . hroad)}
Hg 1 .0 0 (a ).
aoo5o H2 ,3 ,8 ,9  2*73^ sH1 ,7 ,10  2<>:l7W s H 1 .7 0 ( a ) ; H n  121 .6 0 (s . broad)}
Hg 1 .0 5 (s ) .
Table 2*
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(Table I I ) .
T h i s  i s  r e p e a t e d  w i t h  5>1 2 - d i c h l o r o t e t r a c e n e  ( I X ) .  D ecoup l ing
th e  p r o t o n s  , Hqg s h a r p e n s  th e  s i n g l e t  s i g n a l  o f  p r o t o n s
H5 and th e  r e v e r s e  p r o c e s s  i s  t r u e .  T h i s  means t h a t
c o n s i d e r a b l e  p e r i - c o u p l i n g  i s  p r e s e n t  b u t  one canno t  say  w h e th e r
c i s  o r  t r a n s  c o u p l i n g  c o n t r i b u t e s  most  t o  th e  o v e r a l l  e f f e c t
(T ab le  I I ) . 5> 1 1 -D ib ro in o te t r a c e n e  (x)  o f f e r s  an  o p p o r t u n i t y
t o  f i n d  v;hich o f  t h e s e  two e f f e c t s  i s  most i m p o r t a n t .
The p r o t o n s  a d j a c e n t  t o  t h e  bromine  atoms a r e  a t
l o w e s t  f i e l d  and i r r a d i a t i n g  a t  t h i s  f r e q u e n c y ,  o n ly  s h a r p e n s
t h e  s i g n a l s  a s s i g n e d  t o  th e  p r o t o n s  H , H "which a r e  t r a n s
4 10
p e r i  t o  t h e  p r o t o n s  H g , , No change i n  t h e  s i g n a l  o f
t h e  p r o t o n s  , H ^ i s  o b s e rv e d  when t h e s e  p r o t o n s  a r e  d ec o u p le d ,
and t h e  r e v e r s e  p r o c e s s  has  no e f f e c t  (T ab le  I I ) . These r e s u l t s
a r e  c o n f i rm ed  on e x a m i n a t i o n  o f  th e  sp ec t ru m  o f  1 1 - d i c h l o r o -
t e t r a c e n e  (T ab le  I I ) .
The s p e c t r a  o f  t h e  monohalogen d e r i v a t i v e s ,  p - ^ r o m o t e t r a c e n e
(Xl)  and 5 - c h l o r o t e t r a c e n e  ( X I l )  a l s o  s u p p o r t  t h e  above f i n d i n g s .
D ecoup l ing  t h e  p r o t o n  H , w h ich  i s  p e r i  t o  t h e  h a lo g e n  and
6
a t  lo w e s t  f i e l d  has  no e f f e c t  on t h e  o v e r l a p p i n g  s i g n a l s  o f
p r o t o n s  and D eco u p l in g  a t  t h i s  f r e q u e n c y ,  s i m i l a r l y
a f f o r d s  no change i n  t h e  s i g n a l  o f  p r o t o n  . D ecoup l ing
p r o t o n s  H. ,H „ and H__ s h a r p e n s  t h e  s i g n a l  o f  p r o t o n  H , b u t  
1 / iu  6
h a s  l e s s  e f f e c t  on t h e  s i g n a l  o f  p r o t o n s  H and H th a n
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o b s e r v e d  i n  p r e v i o u s  c a s e s .  T h i s  may be due t o  th e  f a c t  t h a t
t h e  p r o t o n  w hich  i s  t r a n s - p e r i  t o  t h e  p r o t o n  E - ^ h a s  a lm o s t
t h e  same che m ic a l  s h i f t  and d e c o u p l i n g  i s  n o t  p o s s i b l e .
T h e r e f o r e  o n ly  t h e  e f f e c t  o f  one t r a n s - p e r i  p o s i t i o n ,  t h a t  o f
p r o t o n  H ^  , w i l l  a f f e c t  t h e  o v e r l a p p i n g  s i g n a l s  o f  p r o t o n s  H ^
and H ^gWhen t h e  ■ p r o t o n s  H ^ , H ^  and a r e  d e c o u p l e d ,  and
t h e  e f f e c t  w i l l  be  l e s s  e v i d e n t .  (T ab le  I I ) .
The above r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  no p a r a  c o u p l in g
be tw een  t h e  p r o t o n s  i n  th e  midd le  r i n g ,  o r  r i n g s ,  o f  a n t h r a c e n e
and t e t r a c e n e ,  and f u r t h e r  t h e r e  a p p e a r s  t o  be no c o u p l in g  a t
a l l  b e tw e e n  t h e  p r o t o n s  o f  th e  m idd le  r i n g s  o f  t e t r a c e n e .
There i s  however a p p r e c i a b l e  p e r i  c o u p l i n g  be tw ee n  p r o t o n s  on
th e  m idd le  r i n g s  and t h o s e  on t h e  a d j a c e n t  t e r m i n a l  r i n g s ,  which
a p p e a r s  t o  o p e r a t e  p r e d o m i n a n t l y  by th e  f i v e  bond t r a n s - p e r i
p a thw ay .  I f  any c i s - p e r i  c o u p l in g  i s  p r e s e n t  i t  i s  n o t  a p p a r e n t
from t h e  d e c o u p l i n g  e x p e r i m e n t s .
R e c e n t l y  r e i t e r a t i v e  computer  programmes have  b e e n  compiled
w hich  u s e  t h e  b e s t  o b s e rv e d  c o u p l i n g s  from t h e  o b s e rv e d  s p e c t r a
o f  c o m p l i c a t e d  s y s tem s  and o b t a i n  a c a l c u l a t e d  f i t  by  r e p e a t e d
a d j u s t m e n t  o f  t h e  c o u p l i n g s .  The com ple te  p . m . r .  sp ec t ru m  o f
5n a p h t h a l e n e  h a s  b e e n  r e p o r t e d  r e c e n t l y ,  i n  which  t h e  a u t h o r s
r e g a r d e d  t h e  p rob lem  a s  an e i g h t  s p i n  sys tem r a t h e r  t h a n  th e
6
i s o l a t e d  AA’BB' sy s tem  w hich  had  h i t h e r t o  b e e n  c o n s i d e r e d .
They f i n d  t h a t  a l t e r i n g  t h e  magn i tude  o f  th e  l o n g - r a n g e
63.
i n t e r - r i n g  c o u p l i n g s  has  a c o n s i d e r a b l e  e f f e c t  on t h e  co m p u te r i s e d  
sp e c t ru m ,  and c a l c u l a t e  t h e  1 , 5  and 1 , 8  c o u p l i n g s  i n  n a p h t h a l e n e  
t o  be a s  h ig h  a s  0 .0 5  and 0 .4 5  Hz r e s p e c t i v e l y .  The fo rm er  
v a l u e  seems r a t h e r  h ig h  b u t  t h e  r e s u l t s  from our  i n v e s t i g a t i o n s  
i n f e r  t h a t  t h i s  t r a n s - p e r i  c o u p l i n g  pa thway  seems most e f f e c t i v e  
i n  t h e  a n t h r a c e n e  and t e t r a c e n e  d e r i v a t i v e s .  They a l s o  quo te  a 
v a l u e  o f  0 .7 4  Hz f o r  p a r a  c o u p l in g  be tw ee n  th e  1 ,4  p o s i t i o n s  
which  i s  j u s t  l e s s  t h a n  t h e  1 ,5  i n t e r a c t i o n .  D e s p i t e  t h i s ,  
t h e r e  i s  no e v i d e n c e  o f  p a r a  c o u p l i n g  i n  t h e  c a s e s  s t u d i e d  above^ 
a l t h o u g h  i t  may n o t  be j u s t i f i e d  t o  compare t h i s  v a l u e  f o r  a 
t e r m i n a l  r i n g  w i t h  t h e  m idd le  r i n g s  o f  a n t h r a c e n e  and  t e t r a c e n e  
d e r i v a t i v e s .
N e v e r t h e l e s s  t h i s  does  n o t  e x p l a i n  t h e  l a r g e  v a l u e  f o r  p a r a  
c o u p l i n g  be tw een  t h e  m e th y l  g roup and t h e  p r o t o n  a c r o s s  t h e  r i n g  
i n  t h e  d e r i v a t i v e s  d e s c r i b e d .
The s p e c t r a  o f  9 -n ie th y l t e t r a p h e n e ( X I V )  and 10 - m e t h y l t e t r a p h e n e  
(XIII) were  r e c o r d e d  t o  see  i f  t h i s  e f f e c t  was p r e s e n t  i n  a  s i m i l a r  
sys tem  b u t  w i t h  an  a n g u l a r l y  a n n e l l a t e d  r i n g .  1 0 - M e t h y l t e t r a p h e n e  
( X I I l )  h a s  a m e thy l  s i g n a l  w h ich  on e x p a n s io n  i s  a d o u b l e t  w i t h  
a s e p a r a t i o n  o f  O. 6 5  Hz. D eco u p l in g  t h e  m e thy l  s i g n a l  on ly  
s h a r p e n s  th e  b ro a d  s i n g l e t  a t  1 . 1 7 T i n  t h e  a r o m a t i c  region 
and i s  a s s i g n e d  to  t h e  p r o t o n  D ecoup l ing  a t  t h i s  f r e q u e n c y  
r e d u c e s  th b  m e th y l  t o  a  s h a rp  s i n g l e t .  (T ab le  3)*
E x p an s io n  o f  t h e  m e thy l  s i g n a l  o f  9*-met h y l t e t r a p h e n e  (XIV)
(X III) (XIV)
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r a t h e r  s u r p r i s i n g l y  shows on ly  a "broad s i n g l e t .  D ecoup l ing  a t  
t h e  m e thy l  f r e q u e n c y  ?howeveiy n o t  on ly  s h a r p e n s  th e  p r o t o n  H^q 
a t  2 . 0 9  X h u t  a l s o  t h e  m u i t i p l e t  a t  l . t> 9 T  a s s i g n e d  t o  p r o t o n  
H^t . I r r a d i a t i n g  a t  t h e  f r e q u e n c y  o f  p r o t o n  H ^ ,  r e s u l t s  i n  
a  d o u b l e t  m e th y l  s i g n a l  w i t h  a  s e p a r a t i o n  o f  O. 65  Hz, e x a c t l y  
a s  o b s e r v e d  i n  1 0 - m e t h y l t e t r a p h e n e  (T ab le  3 )* T h e r e f o r e  
a l t h o u g h  p a r a  c o u p l i n g  i s  p r e s e n t ,  t h e  magnitude  i s  l e s s  t h a n  
t h a t  o b s e r v e d  f o r  9~^e t h y l a n t h r a c e n e ,
6 - H e t h y l a n t h a n t h r e n e  (XV) was s y n t h e s i s e d  t o  f i n d  i f  t h i s  
e f f e c t  c o u l d  be e x t e n d e d  t h r o u g h  more b o n d s .  The sp ec t ru m  
o f  t h i s  d e r i v a t i v e  ( F i g .  3 ) shows t h a t  d i s t a n c e  be tw ee n  t h e  me thy l  
g roup  and  t h e  p r o t o n  H (which  c o r r e s p o n d s  t o  t h e  p a r a  p r o t o n  
i n  t h e  a c e n e s )  i s  o f  g r e a t  im p o r ta n c e  f o r  th e  d e g re e  o f  c o u p l i n g .  
The m e th y l  s i g n a l  a t  305 Hz i s  n o t  a d o u b l e t  a s  i n  t h e  p r e v i o u s  
c a s e s .  I t  s h a r p e n s  i f  I i ^  (&37Hz) i s  i r r a d i a t e d .  Decoup l ing  
o f  t h e  m e th y l  p r o t o n s  h a s  l i t t l e  i n f l u e n c e  on th e  r a t h e r  
complex a r o m a t i c  sp ec t ru m  e x c e p t  f o r  t h e  s i n g l e t  a t  837 Hz which 
s h a r p e n s  and  i s  a s s i g n e d  t o  H ^  . T h i s  weak c o u p l in g  be tween  
t h e  m e thy l  and  t h e  p r o t o n  H - ^ i s  P^o^c-^ly no’^  on ly  th e  r e s u l t  
o f  t h e  g r e a t e r  d i s t a n c e  be tw een  t h e  two g ro u p s  b u t  a l s o  due 
t o  th e  s i n g l e  bond w hich  c r o s s e s  t h e  l i n e  be tw een  them.
As b e f o r e  no co u p l in g  w i t h  th e  c i s - p e r i  p r o t o n s  c o u ld  be o b s e rv e d .
9 - I s o p r o p y l a n t h r a c e n e ( X V I )  was a l s o  s y n t h e s i s e d  t o  see i f  
t h e r e  was p a r a  c o u p l i n g  i n v o l v i n g  t h e  m e th ine  p r o t o n  o f  th e
65.
i s o p r o p y l  g ro u p .  The m e tk ine  p r o t o n  i s  s t r o n g l y  c o u p le d  t o  th e  
6 e q u i v a l e n t  p r o t o n s  o f  t h e  g em in a l  m e thy l  g roups  and a p p e a r s  
i n  th e  spec t rum  a s  a  c l a s s i c a l  s e p t e t  J  « 7 Hz a t  6 . 1 0 T 
The m e thy l  g ro u p s  r e s o n a t e  a s  a d o u b l e t  w i t h  a s e p a r a t i o n  o f  
J  = 7 * 0  Hz, 8 .2 7  X • Maximum e x p a n s io n  o f  t h e  m e th ine  s i g n a l  
shows v e r y  narrow ‘l i n e  w i d t h s  and t h e r e  i s  no i n d i c a t i o n  o f  p a r a  
c o u p l i n g .  D eco u p l in g  a t  t h e  m e thy l  f r e q u e n c y  r e d u c e s  th e  me th ine  
s i g n a l  t o  a  b r o a d  s i n g l e t  w i t h  no e v i d e n c e  o f  s p l i t t i n g .
S i m i l a r l y  d e c o u p l i n g  a t  th e  p a r a  p r o t o n  H h a s  no e f f e c t  on 
t h e  m e th ine  s i g n a l .  However a l t h o u g h  t h i s  compound does  n o t  
a p p e a r  t o  show p a r a  c o u p l i n g  i t  may be masked by t h e  s t r o n g  m e t h y l -  
m e th ine  i n t e r a c t i o n ^ e s p e c i a l l y  a s  maximum d e c o u p l i n g  power was * 
u s e d  t o  remove t h i s  c o u p l i n g  and t h e  s m a l l e r  p a r a - c o u p l i n g  may 
have b e e n  swamped (T ab le  3 ) .
F i n a l l y  i t  i s  w o r th  n o t i n g  t h a t  an  a t t e m p t  t o  s y n t h e s i s e  
6 - m e t h y l p e n t a c e n e  (XVIl)  by th e  r e a c t i o n  o f  me thylm agnes ium-  
i o d i d e  and  p e n t a c e n o n e  l e d  t o  a compound w i t h  th e  p r o p e r t i e s  
o f  6 - m e t b y l e n e - 6 , 13 - d i h y d r o p e n t a c e n e  (XVII l)  and n o t  t h e  f u l l y
rj
a r o m a t i c  m e thy l  d e r i v a t i v e .  However h e a t i n g  a s o l u t i o n  o f  (XVII l)
i n  1 - m e t h y l n a p h t h a l e n e  gave  a  p u r p l e  s o l u t i o n  and t h e  p - b a n d s
o f  t h e  f u l l y  a r o m a t i c  p e n t a c e n e  d e r i v a t i v e  were v i s i b l e ;  on
7
c o o l i n g  t h e  s o l u t i o n  became p a l e  y e l lo w  once more.  I t  t h e r e f o r e  
a p p e a r s  t h a t  th e  m o le c u le  i s  more s t a b l e  i n  t h i s  form and a v e r y  
p l a u s i b l e  e x p l a n a t i o n  b a s e d  on t h e a n n e l l a t i o n  p r i n c i p l e  has  been
66.
g i v e n .
The above r e s u l t s  show t h a t  t h e r e  i s  c o n s i d e r a b l e  c o u p l i n g  
be tw een  a m e thy l  g roup  and t h e  p a r a  p r o t o n ^ i n  c a s e s  where b o t h  
g ro u p s  a r e  a t t a c h e d  t o  an  o t h e r w i s e  f u l l y  s u b s t i t u t e d  r i n g .
The c o r r e s p o n d i n g  i n t e r a c t i o n  i s  n o t  o b s e rv e d  be tw een  p a r a  p r o t o n s  
even  when t h e i r  e q u i v a l e n c e  i s  removed by s u i t a b l e  a sym m etr ic  
s u b s t i t u t i o n .  One can on ly  conc lude  t h a t  t h i s  c o u p l i n g  i s  due 
t o  an  i n t e r a c t i o n  o f  t h e  m e thy l  group  w i t h  t h e  e l e c t r o n i c  
a r r a n g e m e n t  i n  th e  r i n g  and t h e r e  a p p e a r s  t o  be t h r e e  p o s s i b l e  
e x p l a n a t i o n s  o f  t h i s  phenonenon .
F i r s t l y ,  t h e  c o u p l i n g  c o u ld  be s im p ly  b e n z y l i c  c o u p l in g  
t r a n s m i t t e d  by cr—JT i n t e r a c t i o n s  a l o n g  t h e  s i x  bonds  be tw een  t h e  
p r o t o n s  o f  t h e  m e thy l  g roup  and  t h e  p a r a  p r o t o n  a s  i s  assumed
g
by c o n v e n t i o n a l  t h e o r y .  T h i s  does  n o t  e x p l a i n  t h e  l a r g e r  v a l u e
o b t a i n e d  i n  m e thy l  t e t r a c e n e  n o r  does  i t  e x p l a i n  t h e  a p p a r e n t
l a c k  o f  c o u p l i n g  i n  t h e  s u b s t i t u t e d  p a r e n t  h y d r o c a r b o n ,  e s p e c i a l l y
a s  t h i s  o c c u r s  t h r o u g h  on ly  f i v e  bonds  and a l o n g  th e  same pa thway .
T ak ing  i n t o  a c c o u n t  t h e  e v id e n c e  o f  5 -n ie tb .y lpen tacene  (XVII l )
one c o u ld  c o n s i d e r  t h a t  t h e r e  i s  a h y p e r c o n j u g a t i o n  e f f e c t
3.9
be tw een  th e  m e thy l  g roup and th e  r i n g /  One c o u ld  t h e n  c o n s i d e r
t h i s  e f f e c t  t o  be  e n h a n c e d . a s  shown,by t h e  i n c r e a s e  i n  t h e3 J
m agni tude  o f  th e  c o u p l i n g  from t e t r a c h l o r o t o l u e n e  th r o u g h  a n t h r a c e n e  
and f i n a l l y  w i t h  p e n t a c e n e  a s  t h e  upper  l i m i t , i n v o l v i n g  comple te  
l o s s  o f  a p r o t o n  from t h e  me thy l  g roup  and a d d i t i o n  a t  th e  p a r a
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p o s i t i o n .  I n  t h e  c a s e  o f  t h e  m e t h y l t e t r a p h e n e s  where t h e  
c o u p l in g  i s  r e d u c e d  t o  0 ,6 5  Hz one must assume u n t i l  f u r t h e r  
compounds a r e  examined t h a t  t h e  a n g u l a r  a n n e l l a t i o n  r e d u c e s  
t h e  e f f e c t i v e  p a r a  c o u p l i n g ,  T h i s  would a t  l e a s t  e x p l a i n  
why no p a r a  c o u p l i n g  i s  o b s e rv e d  i n  t h e  p a r e n t  h y d r o c a r b o n s .
There  i s  a l s o  t h e  p o s s i b i l i t y  o f  d i r e c t  i n t e r a c t i o n  a c r o s s  
t h e  r i n g  v i a  a p a r a -  Tt-  e l e c t r o n  bond .  Such a bond would no t  
n e c e s s a r i l y  be w eaker  t h a n  t h e  normal  bond be tw een  t h e  two 
TC - e l e c t r o n s  i n  a doub le  bond .  The ab sen ce  o f  a CP-bond 
w i l l  r e d u c e  e l e c t r o n i c  r e p u l s i o n  w h ich  would  compensa te  f o r  
t h e  i n c r e a s e d  n u c l e a r  r e p u l s i o n .  The i n c r e a s e d  d i s t a n c e  be tween  
t h e  ca rb o n  atoms fo rm in g  t h e  bond would  a l s o  l e s s e n  t h i s  r e p u l s i o n .  
I n  t h i s  way t h e  same magni tude  o f  c o u p l i n g  be tw een  th e  methy l  
p r o t o n s  and t h e  o r t h o  and p a r a  a r o m a t i c  p r o t o n s  c o u l d  be 
r a t i o n a l i s e d .  I t  c o u l d  a l s o  e x p l a i n  t h e  l a r g e  o b s e rv e d  p a r a  
c o u p l i n g  0 . 5 5  Hz f o r  3 - n i e t h y l p y r i d a z i n e  m e n t ioned  i n  t h e  p r e v i o u s  
c h a p t e r .  However t h i s  s t i l l  does  n o t  e x p l a i n  t h e  l a c k  o f  p a r a  
c o u p l i n g  i n  t h e  p a r e n t  h y d ro c a rb o n  and t h e  e l e c t r o n  d o n a t i n g  
m e thy l  group  may be r e q u i r e d  t o  s t a b i l i s e  t h i s  ty p e  o f  s i t u a t i o n .
F i n a l l y ,  v e r y  r e c e n t l y  a p a p e r  d e a l i n g  w i t h  th e  p o s s i b l e
i n t e r r e l a t i o n  o f  l o c a l i s e d  T C - o r b i t a l s ,  P a u l i n g  bond o r d e r s
10
and t h e  o r i g i n  o f  a r o m a t i c  s t a b i l i t y ,  ha s  been  p u b l i s h e d  and 
sheds  some l i g h t  on th e  above f i n d i n g s .  The a u t h o r s  showf from 
m.o.  c a l c u l a t i o n s . j t h a t  t h e r e  a r e  b a s i c a l l y  f o u r  t y p e s  o f  what
68.
a r e  r e f e r r e d  t o  a s  ’ l o c a l i s e d  m o l e c u l a r  o r o i t a l s 1 p r e s e n t  i n  
p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s .  Only two o f  t h e s e  f o u r  t y p e s  
o f  o r b i t a l s  a r e  p r e s e n t  i n  t h e  m a j o r i t y  o f  hyd roca rbons^w here  
t h e  P a u l i n g  bond o r d e r  u n i q u e l y  d e f i n e s  a s p e c i f i c  Kekule/  
s t r u c t u r e .  These a r e  found  t o  be l o c a l i s e d  such  t h a t  t h e y  
g iv e  r i s e  t o  e s s e n t i a l l y  Kekule^ t y p e  s t r u c t u r e s  ( F i g .  4*)
However f o r  s e v e r a l  o t h e r  h y d r o c a r b o n s ,  i n c l u d i n g  a n t h r a c e n e ,  
t e t r a c e n e  and p e n t a c e n e  t h e  o t h e r  t y p e s  o f  o r b i t a l s  a r e  a l s o  
i n v o l v e d ,  and i n  t h e  a c e n e s  t h e y  a r e  l o c a t e d  i n  t h e  c e n t r a l  
r i n g s  ( F i g .  5 ) .
T h e r e f o r e  t h i s  o f f e r s  a p o s s i b l e  e x p l a n a t i o n  f o r  t h e  d i f f e r e n t  
c o u p l i n g  v a l u e s  and i n  f a c t  t h e  g e n e r a l  chem ica l  r e a c t i v i t y  o f  
t h e  m idd le  r i n g s  o f  t h e  a c e n e s  compared 'with t h e  t e r m i n a l  r i n g s .  
A lso  a s  t h e  l o c a l i s e d  s t r u c t u r e  c a l c u l a t e d  f o r  t e t r a p h e n e  f a l l s  
i n t o  t h e  fo rm er  c a t e g o r y ,  t h i s  would  e x p l a i n  why t h e  c o u p l i n g  
c o n s t a n t  i s  o f  t h e  same o r d e r  o f  m a gn i tude  a s  i n  t e t r a c h l o r o -  
t o l u e n e ,  and s m a l l e r  t h a n  t h a t  o b s e rv e d  f o r  t h e  m e th y la c e n e s .
69.
E x p e r i m e n t a l  D i s c u s s i o n
The main p a r t  o f  t h e  s y n t h e t i c  work i n  t h i s  c h a p t e r  i n v o l v e d
a t t e m p t s  t o  o b t a i n  5 > 1 1 - d i m e t h y l t e t r a c e n e  (XX) f o r  com par ison
o f  t h e  m e thy l  s i g n a l  w i t h  t h a t  o f  5-roe ' t h y l t e t r a c e n e  ( m ) .
5 , 1 1 - D i b r o m o t e t r a c e n e  (X) was r e a d i l y  f o r c e d  ... by d i r e c t
b r o r n in a t io n  o f  t e t r a c e n e  u s i n g  t h e  method o f  Mars c h a l k  and 
11 „
Sturnra. I t  was hoped t o  r e p l a c e  t h e  bromine atoms by cyan ide  
12g ro u p s  and  t o  r e d u c e  t h e s e  t o  th e  r e q u i r e d  h y d ro c a rb o n  w i t h
h y d r a z i n e  h y d r a t e .  A l though  th e  method was s u c c e s s f u l  i n
p r e v i o u s  work ,  on ly  t r a c e s  o f  t h e  r e q u i r e d  d e r i v a t i v e  were found
when t h e  d i c y a n i d e  d e r i v a t i v e  (XIX) was t r e a t e d  w i t h  h y d r a z i n e
h y d r a t e ,  and t h i s  method was abandoned .
I n s t e a d ,  d ib r c r a o t e t r a c e n e  was f i r s t  t r e a t e d  w i t h  n ~ b u t y l l i t h i u m
and t h e  r e s u l t i n g  s o l u t i o n  r e a c t e d  w i t h  d im e th y l  s u l p h a t e .  T h i s
method gave e x c e l l e n t  y i e l d s  o f  1 , 2 , 5 , 6 - t e t r a m e t h y l n a p h t h a l e n e
from c o r r e s p o n d i n g  1 , 5 ~ H i b r o m o - 2 ,6 - d i m e t h y l n a p h t h a l e n e .  However
t h e r e  was no e v id e n c e  o f  t h e  r e q u i r e d  d i m e t h y l t e t r a c e n e  from t h e
U.V. sp ec t ru m  of  t h e  c rude  p r o d u c t .
A l i t e r a t u r e  s u rv e y  showed t h a t  v e r y  few m e t h y l t e t r a c e n e s
had  b e e n  s y n t h e s i s e d  and th o s e  w h ich  have a m e thy l  s u b s t i t u e n t
i n  one o f  t h e  middle r i n g s  such  a s  1 , 6 - d i m e t h y l t e t r a c e n e  and
, • 13e s p e c i a l l y  5>12 - d i m e t h y l t e t r a c e n e  a r e  s e n s i t i v e  t o  o x i d a t i o n .  
A l though  p - m e t h y l t e t r a c e n e  i s  r e a s o n a b l y  s t a b l e ,  f a i l u r e  t o  o b t a i n  
t h e  d im e th y l  d e r i v a t i v e  may be due t o  a s i m i l a r  s e n s i t i v i t y  o f
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t h i s  m o le c u le  t o  o x i d a t i o n .
6 - l i e t  hy 1 a n t b a n t h r e n e  (XV) was s y n t h e s i s e d  i n  a s i m i l a r  manner
14t o  t h a t  employed by Buu-Hoi and L a v i t  w i t h  t h e  a d d i t i o n a l  
improvement  o f  c o n v e r t i n g  t h e  a n t h a n t h r e n e - 6 - a ld e h y d e  (XXl) t o  
th e  hyd razone  (XXII)  t h u s  removing  any u n r e a c t e d  a n t h a n t h r e n e .
The h y d ra z o n e  was ‘t h e n  r e d u c e d  i n  t h e  u s u a l  manner t o  g i v e  th e  
r e q u i r e d  h y d r o c a r b o n .
S u r p r i s i n g l y  a l i t e r a t u r e  s u rv e y  r e v e a l e d  t h a t  l - c h l o r o - 1 0 -  
m e t h y l a n t h r a c e n e  (V I I )  had n o t  been  s y n t h e s i s e d .  T h i s  co u ld  
r e a d i l y  be a c h i e v e d  by  r e a c t i o n  o f  m e thy lm agnes ium iod ide  and 
1 - c h l o r o a n t h r o n e ,  and ch ro m a to g ra p h in g  t h e  r e s u l t i n g  crude  
p r o d u c t .
9 - I s o p r o p y l a n t h r a c e n e  (XVI), and 9 - m e t h y l a n t h r a c e n e  ( i )  were .
15,16
s y n t h e s i s e d  e x a c t l y  a s  r e p o r t e d  i n  t h e  l i t e r a t u r e  ? ' a nd t h e  
two h y d ro c a rb o n s  were p u r i f i e d  by ch rom a tog raphy .  5~^e ‘t h y l ' t e 'kra c e n e  
( I I I )  had  b e e n  s y n t h e s i s e d  p r e v i o u s l y  by r e a c t i o n  o f  methy1 -  
rnagnes iumiodide and t e t r a c e n o n e .
The r e m a i n i n g  h a l o g e n  d e r i v a t i v e s  o f  t e t r a c e n e  and a n t h r a c e n e  
were f rom th e  c o l l e c t i o n  o f  P r o f e s s o r  C la r  and t h e  two m e th y l— 
f e t r a p h e n e s  were v e r y  k i n d l y  g i f t e d  by  P r o f e s s o r  M.S. ITewman.
ExpsnniEmx
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5 » 1 1 - D ib r o m o t e t r a c e n e  ( x ) .
T h i s  compound was p r e p a r e d  e x a c t l y  a s  d e s c r i b e d  by M arsch a lk  
11
and Stumm and c r y s t a l l i s e d  a s  long  t h i n  n e e d l e s  from x y l e n e .
5 , l l ~ D i c y a n o t e t r a c e n e  (XIX).
D i b r o m o t e t r a c e n e  ( 2 g . ) ,  cup rous  cy a n id e  ( l . 2 g . )  and p y r i d i n e
( l . l g . )  were mixed t o g e t h e r  and h e a t e d  a t  210° i n  a s e a l e d  tu b e
f o r  15 h o u r s .  The d a r k  b l a c k  r e d  s o l i d  m ix tu r e  was t r e a t e d  w i t h
a m i x t u r e  o f  benzene  and d i l .  ammonia and e x t r a c t e d  s e v e r a l  t i m e s
w i t h  b e n z e n e .  The e x t r a c t s  were f i l t e r e d  and  t h e  benzene  l a y e r
f u r t n e r  washed  w i t n  ammonia, d i l u t e  h y d r o c h l o r i c  a c i d  and 'washed
t h o r o u g h l y  w i t h  w a t e r  and d r i e d .  C o n c e n t r a t i o n  o f  th e  benzene
s o l u t i o n  y i e l d e d  s m a l l  d a r k  r e d  n e e d l e s  ( 0 . 1  gra.) w hich  were
f u r t h e r  p u r i f i e d  by s u b l i m a t i o n ,  m . p t .  309-311°  w h ich  d i s s o l v e d
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm ing  an  o range  s o l u t i o n .
m
M.S. m o l e c u l a r  i o n  / e = 2 7 8 ;  c a l c u l a t e d  M.Y7.=27tf.
Found 0*86.15/2> H»3-.77& N=9.90fo.
C H ■ N r e q u i r e s  C=36.34$>> H = 3 « 5 N = 1 0 . 0 7 f°*
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The d i c y a n i d e  (100 m g s . ) ,  h y d r a z i n e  h y d r a t e  ( 5 ^ 1 . )  and x y le n e  
( 2 m l . ) 'were h e a t e d  i n  a s e a l e d  tu b e  a t  200^ f o r  t 'wenty h o u r s .
The r e s u l t i n g  brown y e l l o w  s o l i d  was f i l t e r e d  from t h e  s o l v e n t  
w hich  was d i l u t e d  w i t h  w a t e r  and t h e  x y l e n e  l a y e r  s e p a r a t e d .
The x y le n e  s o l u t i o n  and th e  x y le n e  e x t r a c t  o f  th e  s o l i d  were 
combined,  d r i e d  c o n c e n t r a t e d  and ch rom a tog raphed  on Grade I  
n e u t r a l  a l u m in a .  C o n c e n t r a t i o n  o f  t h e  r e s u l t i n g  f r a c t i o n s  
d i d  n o t  y i e l d  t h e  r e q u i r e d  h y d ro c a rb o n ,  b u t  a sm a l l  amount o f  
y e l l o w  o i l  which  was n o t  c h a r a c t e r i s e d . .
6 - F o r m y l a n t h a n t h r e n e  (.XXi).
A n th a n t h re n e  (4 g m . ) ,  N ~ m e th y l fo rm a n i l i d e  ( 2 . 4  gm.) and 
p h o s p h o ru s  o x y c h l o r i d e  ( 2 . 8  gm.) i n  o - d i c h l o r o b e n z e n e  (8 ra l . )  
were g e n t l y  r e f l u x e d  f o r  f o u r  h o u r s .  The s t i c k y  g r e e n  r e a c t i o n  
m i x t u r e  was p o u re d  i n t o  a s o l u t i o n  o f  sodium a c e t a t e  and s t i r r e d  
w i t h  f u r t h e r  0—d i c h l o r o b e n z e n e  ( 5 0 m l . ) .  A f t e r  s team d i s t i l l i n g  o f f  
t h e  d i c h l o r o b e n z e n e  t h e  d a r k  g r e e n  s o l i d  ( 3 . 8  gm.) was f i l t e r e d  
o f f  and  d r i e d .
An t  han t  h re  n e - 6 - h y d r  az o n e ( XXII) .
The c rude  a ld eh y d e  (2 gm.) was d i s s o l v e d  i n  b o i l i n g  p y r i d i n e  
( 1 0 0 m l . ) a n d  h y d r a z i n e  h y d r a t e  ( 50^ , 20m l . )  was added .  A f t e r  
b o i l i n g  f o r  5 m i n u t e s ,  w a t e r  ( 5 0 m l . )  was added .  T h i s  d i l u t i o n  
e n s u r e s  t h a t  u n r e a c t e d  a n t h a n t h r e n e  i s  n o t  c a r r i e d  on th ro u g h
73.
t h e  f u r t h e r  s t a g e s .  The ho t  s o l u t i o n  was f i l t e r e d  from t h e  
p r e c i p i t a t e d  r e s i d u e  and th e  hydrazone  i t s e l f  p r e c i p i t a t e d  
by a d d i t i o n  o f  a f u r t h e r  q u a n t i t y  o f  w a t e r  ( 3 0 0 m l . ) .  The 
l i g h t  brown h y d r a z o n e ( l . l g r a . )  was f i l t e r e d  and d r i e d ,  
m . p t .  195° (dec )  and d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
w i t h  a deep p u r p l e  c o l o u r a t i o n .
Found C=86.72)o, 11*4.55$, N*8.58$
C H E  r e q u i r e s  0=86 .77$ ,  H=4.43$,  N=8.80$
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6- L ie th y la n t  h a n t h r e n e  ( XV) .
The above  p u re  hyd razone  ( 0 . 3 5 s ra») '■’7as d i s s o l v e d  i n  d i e t h y l e n e
g l y c o l  (3 5 ^ 1 . )>  h y d r a z i n e  h y d r a t e  (2 m l . )  was added  and th e
m i x tu r e  h e a t e d  t o  210° un d e r  n i t r o g e n .  A f t e r  c o o l i n g  t o  150°
p o t a s s i u m  h y d ro x id e  (0 .4 g m .)  was added and r e f l u x e d  f o r  30  m i n u te s .
The formed w a t e r  was removed from t h e  co n d en s e r  and t h e  t e m p e r a t u r e
a l lo w e d  t o  r i s e  t o  220° .  The m i x t u r e  was c o o le d  t o  100° and
th e  h y d ro c a rb o n  p r e c i p i t a t e d  w i t h  w a t e r .  The y e l l o w - g r e e n
p r e c i p i t a t e  was d i s s o l v e d  i n  x y l e n e ,  t h e  s o l u t i o n  b o i l e d  t o
remove w a t e r  and ch rom a tog raphed  o v e r  Grade I  n e u t r a l  a lu m in a .
C o n c e n t r a t i o n  o f  t h e  s o l u t i o n  y i e l d e d  o range  l e a f l e t s  (150 mgs.)
U
which  had  m . p t .  l 8 8 ~ 1 9 0 ° ( L i t . m . p t .  192°)  and d i s s o l v e d  i n  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm in g  a brown s o l u t i o n .
Found 0=94.88$ ,  H=4.93$
0 H r e q u i r e s  0=95-17$ ,  H=4.83$
23 14
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1 - C h l o r o a n t h r o n e  ( X X I l ) .
T h i s  was p r e p a r e d  e x a c t l y  a s  d e s c r i b e d  by B a r n e t t  and Matthews 
and r e c r y s t a l l i s e d  from e t h a n o l .
l - C h l o r o - 1 0 - m e t h y l a n t h r a c e n e . ( V I l ) .
The above anthi*one ( 3 .6  gm.) d i s s o l v e d  i n  d ry  benzene  (20m l . )  
was added  d ropw ise  t o  an  e t h e r e a l  s o l u t i o n  o f  magnesium ( 2 g m . )  
and m e t h y l i o d i d e  ( lOg)  p r e v i o u s l y  p r e p a r e d .  The c l e a r  p a l e  
brovm s o l u t i o n  became r e d  on a d d i t i o n  o f  t h e  a n t h r o n e .  A f t e r  
r e f l u x i n g  g e n t l y  f o r  one hour  the  g r e e n  y e l lo w  s o l u t i o n  was 
c o o le d  and the  m i x t u r e  decomposed w i t h  i c e  and d i l u t e  a c e t i c  
a c i d .  The o r g a n i c  l a y e r  was r e f l u x e d  f o r  one ho u r  w i t h  a c e t i c  
a c i d  ( 30m l . )  and a few d ro p s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
t o  c o n v e r t  th e  i n t e r m e d i a t e  c a r b i n o l  t o  th e  r e q u i r e d  h y d ro c a rb o n .  
Water  was added t o  t h e  m i x tu r e  and t h e  p r o d u c t  e x t r a c t e d  w i t h  
x y l e n e .  The x y l e n e  s o l u t i o n  was washed w i t h  w a t e r ,  d r i e d  and 
c o n c e n t r a t e d .  Chromatography o f  t h i s  s o l u t i o n  o ve r  Grade I  
n e u t r a l  a l u m in a ,  e l u t i n g  w i t h  l i g h t  p e t r o l  (6 0 -8 0 ° )  gave a 
p a l e  y e l lo w  g re e n  band  w i t h  a p u r p l e  f l u o r e s c e n c e .  C o n c e n t r a t i o n  
o f  t h e s e  f r a c t i o n s  gave  p a l e  y e l lo w  c r y s t a l s  ( l . 4 g « )  which  
on r e c r y s t a l l i s a t i o n  from e t h a n o l  gave s l e n d e r  p a l e  y e l lo w  
p r i s m s  m . p t .  72- 73° and d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  w i t h  an  o l i v e  g r e e n  c o l o u r .
Found C=79 . l6$ ,  H=4.72$
C H Cl r e q u i r e s  C=79«46$, H=4.84$
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HYDKO CASBOrTS ISOLATED from t h e  PILTHRJSATICH of^-HAPHTHAITTERCITIC.
( i ) ( i i ) ( h i )
IHTRODUCTIOIT
A more r i g o r o u s  i n v e s t i g a t i o n  o f  t h e  p r o d u c t s  formed by 
r e d u c t i v e  d i r a e r i s a t i o n  o f  6 - n a p h t h a n t h r o n e  was u n d e r t a k e n .  Along 
w i t h  s e v e r a l  p r e v i o u s l y  c h a r a c t e r i s e d  h y d r o c a r b o n s ,  two new 
a r o m a t i c  h y d r o c a r b o n s  were i s o l a t e d .  The h i g h l y  condensed ,  
c i r c o b i p h e n y l  ( i )  and a p u r p l e  h y d ro c a rb o n  which  has  t e n t a t i v e l y  
b e e n  a s s i g n e d  t h e  s t r u c t u r e  d i b e n z i s o v i o l a n t h r e n e  ( i l )  on th e  
b a s i s  o f  t h e  TJ.Tf. s p ec t ru m .  However i t  shows an  u n e x p e c te d  
r e a c t i v i t y  w i t h  m a l e i c  a n h y d r id e  w hich  r a t h e r  f a v o u r s  th e  s t r u c t u r e  
l , 1 4 : 3 >4 s7 >S:1 0 , l l - t e t r a b e n z o p e r o p y r e n e  ( i l l ) •
(X)
( I I I )
(Ha) ( l ib )
D i s c u s s i o n
An i n t e r e s t i n g  g roup  o f  h y d ro c a rb o n s  a r e  t h o s e  w hich  can  he 
c o n s i d e r e d  t o  he d e r i v a t i v e s  o f  t h e  h y d ro c a rb o n  p e r o p y r e n e .
T h i s  h y d ro c a rb o n  w hich  can in  t u r n  he c o n s i d e r e d  t h e  n e x t  h i g h e r  
homologue o f  p y re n e  i s  b e s t  f o r m u l a t e d  w i t h  t h r e e  a r o m a t i c  s e x t e t s  
a s  shown. ( i )
The main  i n t e r e s t  o v e r  t h e  y e a r s  h a s  b e e n  f o c u s e d  on two
d ib e n z o p e r o p y r e n e s ,  t h e  i s o m e r i c  v i o l a n t h r e n e  ( l i b )  and
i s o v i o l a n t h r e n e  ( l l a ) ,  a s  t h e i r  c o r r e s p o n d i n g  q u in o n e s  and t h e
d e r i v a t i v e s  o f  t h e s e  q u i n o n e s ,  a r e  o f  g r e a t  im p o r tan ce  i n  t h e
1
d y e s t u f i ' s  i n d u s t r y .
By f a r  t h e  s i m p l e s t  r o u t e  t o  t h e s e  h y d ro c a rb o n s  i s  an e x t e n s i o n
o f  t h e  main method o f  s y n t h e s i s i n g  p e r o p y r e n e ,  namely by d i m e r s a t i o n
and c o n d e n s a t i o n  o f  two p e r i n a p h t h y l  r a d i c a l s ,  ( i l l )  The
p e r i n a p h t h e n e  m o le c u le  i s  t r i a n g u l a r  shaped  and canno t  e x i s t
/
a s  a s t a b l e  h y d ro c a rb o n ,  a s  one can n o t  w r i t e  Kekule  s t r u c t u r e s
w hich  accommodate a l l  t h e  e l e c t r o n s .  I t  t h e r e f o r e  e x i s t s  i n  th e
form o f  a r a d i c a l ,  a s  t h e  b y d r o d e r i v a t i v e  p e r i n a p h t h e n e ^ o r  i n  the
o x y g en a ted  form a s  p e r i n a p h t h o n e .  The p e r i n a p h t h y l  r a d i c a l  i s
f a i r l y  s t a b l e ,  much more so t h a n  t h e  n a p h t h y l  r a d i c a l  and can even
3
be d i s t i l l e d  w i t h o u t  d e c o m p o s i t i o n .  T h i s  s t a b i l i t y  i s  t h o u g h t  t o  
d e r i v e  from t h e  s t r u c t u r e  w i t h  t h e  e x t r a  e l e c t r o n  i n  t h e  c e n t r e  ( i l l )  
and t h e  c y c l i c  c o n j u g a t i o n  o f  t h e  s i x  doub le  bonds  round  the  
p e r i p h e r y .
The i n t e r m e d i a t e  r a d i c a l  ( lV) can be r e a d i l y  g e n e r a t e d  by z i n c  
d u s t  m e l t  o f  p e r i n a p h t h o n e  and th e  e x t r a  v a l e n c y  o f  eac h  m olecu le
(VI)
(VIII)
« M c a l c ° 27-4 K l c L
(vn)
Table 1
A to m  * PH M O P M cL K a l c # M o b s * *
1 0 - 0 .0 3 7 7 1 .0 3 1 .1 3
2 0 .0 6 0 6 0 .0 8 0 6 2 .2 1 2 .4 0
3 0 .1 3 6 4 0 .1 9 5 0 5 .3 4 5 .5 4
4 0 - 0 .0 5 6 9 1.5G 1 .5 5
5 0 .1 3 6 4 0 .1 8 5 7 5 .0 8 5 .2 5
6 0 .2 4 2 4 0 .3 5 2 7 9 .6 6 8 .3 6
(IX) (X)
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can combine t o  g iv e  t n e  i n t e r m e d i a t e  (V) ,  which  on f u r t h e r  c o n d e n s a t io n
y i e l d s  t h e  s t a b l e  a r o m a t i c  h y d ro c a rb o n  p e r o p y r e n e .  There i s  on ly
one p o s s i b l e  d i m e r i c  p r o d u c t  from t h i s  r e a c t i o n  a s  t h e  p e r i n a p h t n y l
s t r u c t u r e  i s  s y m m e t r i c a l .
E x t e n s i o n  o f  t h i s  s y n t h e t i c  method t o  form b e n z o l o g u e s  o f
p e ro p y r e n e  n a t u r a l l y  r e s u l t s  i n  m i x t u r e s  o f  t h e  p o s s i b l e  i s o m e r s .
The b e n z a n t h r y l  m o le c u le  l i k e  p e r i n a p h t h e n e  canno t  be f o r m u l a t e d  
/
w i t h  K eku le  s t r u c t u r e s  and a l s o  e x i s t s  i n  t h e  form o f  a  r a d i c a l ,
a s  t h e  h y d r o d e r i v a t i v e  b e n z a n t h r e n e  (VI) j o r  th e  o x i d i s e d  form 
t*
b e n z a n t h r o n e .  A s i m i l a r  t r e a t m e n t  o f  b e n z a n th r o n e  w i t h  z i n c
d u s t  fo rm s  t h e  i n t e r m e d i a t e  d im er  and c o n d e n s a t i o n  r e s u l t s  i n  a
m i x t u r e  o f  d i b e n z p e r o p y r e n e  i s o m e r s .  A l l  th e  p o s s i b l e  d i b e n z o -
p e r o p y r e n e s  a p a r t  f rom ( V l l )  have been  s y n t h e s i s e d ,  m a in ly  by
u s in g  c h l o r o  and b r o m o b e n z a n th r o n e . d e r i v a t i v e s  w hich  l e a d
unam biguous ly  t o  s p e c i f i c  i s o m e r s .  They have been  c h a r a c t e r i s e d
from t h e i r  U.V. s p e c t r a  and by com par ison  w i t h  t h o s e  i s o m e rs  w hich
5
were s y n t h e s i s e d  unam biguous ly .
In  o r d e r  t o  o b t a i n  t h e  n e x t  h i g h e r  b e n z o l o g u e s  o f  p e r o p y r e n e ,  
d i m e r s a t i o n  o f  n a p h t h a n t h r o n e  was i n v e s t i g a t e d  by t h e  g e n e r a l  
method o u t l i n e d .  R e c e n t l y  t h e  e l e c t r o n  p a r a m a g n e t i c  r e s o n a n c e  o f  
th e  n a p h t h a n t h r y l  r a d i c a l  ( V l l l )  has  been  examined?  The a n a l y s i s  
o f  t h e  r e s u l t i n g  sp e c t ru m  a l lo w e d  t h e  o b s e rv e d  c o u p l in g  c o n s t a n t s  
to  be compared w i t h  t h o s e  o b t a i n e d  from s p i n  d e n s i t y  c a l c u l a t i o n s .
These r e s u l t s  a r e  shown i n  Tab le  1 and a l low  an  ' a  p r i o r i 1 
p r e d i c t i o n  o f  t h e  most  l i k e l y  d e r i v a t i v e s  on t h e  b a s i s  o f  e l e c t r o n  
d e n s i t y  d i s t r i b u t i o n  o f  t h e  r a d i c a l  o ve r  t h e  n a p h t h a n t h r y l  m o le c u le .
(XI) (XII) (XIII)
(XV) (XV)
(XVI)
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The most  iavou.ra.ble p o s i t i o n  i s  a t  c a rb o n  6 ,  and c a rb o n s  3 and
5 have t h e  n e x t  h i g h e s t  e l e c t r o n  d e n s i t y .  T h i s  i s  c e r t a i n l y  borne
out  by xhe p r o d u c t s  f rom t h e  p r e l i m i n a r y  i n v e s t i g a t i o n s  o f  C la r  
7
and ooworkers who i s o l a t e d  d i n a p h t h o - ( 7 * . 1 : 1 . 1 3 ) j ( l M. 7 " : 6 . 8 )  -
p e ro p y r e n e  (IX) a s  th e  main component from a z i n c  c h l o r i d e ,  z i n c
d u s t  m e l t  o f  6 -n ap  tit h a n t  h r  o n e . Tney a l s o  i s o l a t e d  a n o t h e r  i som er
w hich  was a s s i g n e d  t h e  s t r u c t u r e  (X) on th e  b a s i s  o f  th e  U.V. spec t rum
The p o s s i b l e  i s o m e r s  d e r i v a b l e  f rom d i m e r i s a t i o n  and c o n d e n s a t i o n
o f  6 - n a p h t h a n t h r o n e  a r e  shown i n  s t r u c t u r e s  ( lX t o  XVI) .  Apar t
from (XV) a l l  a r e  p o s s i b l e  on t h e  b a s i s  o f  the s p i n  d e n s i t y
6
c a l c u l a t i o n s  m e n t io n e d  above .  A c l o s e r  i n v e s t i g a t i o n  o f  (XV)
shows t h a t  t h i s  m o l e c u l e ,  a l t h o u g h  l e s s  l i k e l y  t o  be formed by
t h i s  method h a s  t h e  same i n h e r e n t  p rob lem  a s  p o s ed  by t h e
t r i a n g u l e n e  s t r u c t u r e .  I t  i s  n o t  p o s s i b l e  t o  w r i t e  Kekule
s t r u c t u r e s  f o r  t h i s  m o le c u le  w i t h o u t  h a v i n g  two e l e c t r o n s  l e f t  over
which can n o t  be accommodated i n  a c o n v e n t i o n a l  bond .  An a t t e m p t e d
s y n t h e s i s  o f  t r i a n g u l e n e  i t s e l f ^ p r o v e d  t h a t  i t  e x i s t e d  a s  an  u n s t a b l e
8
d i r a d i c a l  w h ich  s p o n t a n e o u s l y  p o l y m e r i s e d  when io rm ed .  However the  
p o s s i b i l i t y  a r i s e s  i n  s t r u c t u r e  (XV) o f  combining t h e s e  two f r e e  
v a l e n c i e s ^ n o t  i n  a  d i r a d i c a l  s t r u c t u r e  (XV)^but by fo rm ing  a Dewar- K  
-  bond a c r o s s  the  m id d le  r i n g  a s  shown (XV). T n i s  would  a l low  
Kekule^ s t r u c t u r e s  f o r  t h e  r e m a in d e r  o f  t h e  m o lecu le  and would c o n i e r  
s t a b i l i t y  t o  t h e  m o l e c u l e .  P a r t i a l  e v id e n c e  f o r  t h i s  s t r u c t u r e  has  
been  o b t a i n e d  in  t h e  work o u t l i n e d  i n  t h i s  c h a p t e r ,  however an 
a t t e m p t e d  s y n t h e s i s  o f  t h i s  s k e l e t o n  by a n o t h e r  r o u t e  and a f u l l e r
An = 3860
(XIX) \
+47°
--------- > 4330 5
= 2970
+130
~> 3100 X
( I l a )
5220
Ap = 3 6 2 0
+ 1 4 0
(XIII)
— >
+ 4 6 0
5 6 8 0  X
3780 X
(XXI)
+ 560
Xp
XP
3315
2390
+ 1 4 0
(XXII)
3 8 7 0  X
*  3030 X
3000 Wavelength % 5000 6000
F i g . l  A bsorp t ion  max. (X) and l o g £  ( i n  p a r e n t h e s e s )
Dinaphtho -  ( l » , 7 ' : 2 , 4 ) ;  ( l " , 7 ,f: 9 , 11 ). -  pe ropyrene  in  xy lene 
p :  5680 ( 4 . 8 6 ) ,  5250 (4 .54 ) ,  4890(4 .11)?  p  : 3790(4 .7$) ,  3610(4 .59) ;  
P ' s  3080 (4 .43 ) .
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d i s c u s s i o n  f o l l o w s  i n  th e  n e x t  c h a p t e r .
7
B e s i d e s  t h e  a l r e a d y  known h y d ro c a rb o n s  (IX) and (X) ,  two new
9h y d r o c a r b o n s ,  c i r c o b i p n e n y l  (XVl)and a  p u r p l e  h y d ro c a rb o n  w hich
has  b e e n  t e n t a t i v e l y  a s s i g n e d  t h e  s t r u c t u r e  o f  d i b e n z i s o v i o l a n t h r e n e
( X l l l ) , were  i s o l a t e d  i n  a p u r e  s t a t e  from t h e  z i n c  d u s t  t r e a t m e n t  o f
6 - n a p h t n a n t h r o n e .  ’A r e d  h y d ro c a rb o n  w hich  from a n a l y s i s  r e s u l t s  and
mass s p e c t r a l  d a t a  a p p e a r s  t o  be a h y d r o d e r i v a t i v e  o f  t h i s  s e r i e s
has  a l s o  b e e n  i s o l a t e d .
The normal p h y s i c a l  t e s t s  on t h i s  p u r p l e  h y d ro c a rb o n ;  i t s  mass
s p ec t ru m  and a n a l y s i s ,  showed t h a t  i t  had th e  r e q u i r e d  fo rm u la
£38^18  and  th o  U.V. s p e c t ru m  i n  x y l e n e  i s  shown i n  * ' i g . l #
E x a m in a t io n  o f  t h e  p o s s i b l e  s t r u c t u r e s  i n  t h e  l i g h t  o f  t h e  U.V.
sp e c t ru m  f a v o u r e d  th e  d i n a p h t h o - ( l ’ «7 * :2 . 4 ) ; ( l H. 7 " ! 9 . 1 l ) - p e r o p y r e n e
( X l l l )  w hich  i s  t h e  d i b e n z o lo g u e  o f  i s o v i o l a n t h r e n e .  The v e r y  sh a rp  
n  0p -b a n d  a t  37^0A i s t y p i c a l  ol a m o lecu le  w i t h  t h i s  condensed  acene 
ty p e  o f  s t r u c t u r e  a s  i n  3>4*&>9 - d i b e n z o p y r e n e  ( X V l l ) .  C o n s i d e r a t i o n  
o f  t h e  s h i f t s  i n  t h e  bands  g o in g  from 3>4 -  benzopyrene  (X V l l l )  t o
a n t h a n t n r e n e  (XIX) by a d d i t i o n  o f  an e t h y l e n e  b r i d g e  show a r e d
_ 0 0
s h i f t  o f  t h e  p ~ bands  o f  130A and th e  p - b a n d s  by  470A.
The c o r r e s p o n d i n g  s h i f t s  compar ing th e  sp ec t ru m  o f  i s o v i o l a n t h r e n e
( l l a )  w i t h  t h a t  o f  t h e  p u r p l e  h y d ro c a rb o n  ( X l l l )  a r e  I 40 X f o r  the  
n 0p-band  and 4 6 OA f o r  t h e  p - b a n d ,  v e r y  s i m i l a r  t o  th e  above .
A d i r e c t  com par ison  o f  t h e  two s e r i e s ,  i . e .  t h e  d i b e n z o p e r o p y r e n e s  
and t h e  d i n a p h t h o p e r o p y r e n e s  i s  p o s s i b l e  from t h e  s p e c t r a  o f  t h e  two 
known compounds d i n a p h t n o  ( 7 1. 1 * : 1 . 1 3 ) J ( l " . 7 Ms6 . 8 )  - p e r o p y r e n e  ( lX)
(XX)
4450
+ 190
3480
(XV)
Wpo
4000 Wavelength ft 60005000
Fig*2 Absorp t ion  max (ft) and log  £  ( i n  p a ren th es e s )  
T e t r a c a r b o x y l i c  a c id  adduc t  i n  d i e th y l e n e t r i a m in e  ps 5810(4*29), 
5430 (4 .36 ) ,  5730(4 .24) ;  (3 s 3000(4 .60),  3670(4 .66).
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and 4 j 5 i H > 1 2 - d i D e n z operopy rene  (XX) a s  shown. The a d d i t i o n  o f  
two e t h y l e n e  b r i d g e s  to  (XX) t o  form (IX) i s  accompanied by a r e d  
s h i f t  o f  t h e  J3~band o f  190ft and th e  p~band by 650ft. The c o r r e s p o n d in g  
s h i f t s  o b s e r v e d  on a d d i t i o n  oi  an e t h y l e n e  b r i d g e  t o  1 , 2 —benzopyrene  
(XXI) t o  fo rm 1 , 1 2 - b e n z o p e ry l e n e  (XAll) a r e  I 4 OA t o  t h e  r e d  f o r  
th e  3  b and  and 560ft f o r  t h e  p - b a n d .
O v e r a l l  t h e s e  s h i f t s  show t h a t  t h e  change i n  t h e  s p e c t r a  i n  
g o ing  from i s o v i o l a n t h r e n e  t o  the  new p u r p l e  hydroca rbon  f i t  t h i s  
p a t t e r n  and s u p p o r t  t h e  a s s ig n m e n t  o f  s t r u c t u r e  ( X l l l ) , d i b e n z -  
i s o v i o l a n t h r e n e  t o  t h e  hyd roca rbon .
However v e r y  s u r p r i s i n g l y  t h i s  hydroca rbon  r e a c t s  r e a d i l y  w i th
raa le ic  a n h y d r id e  w i t h o u t  a d e h y d ro g e n a t in g  a g e n t  such  a s  c h l o r a n i l
o r  i o d i n e  t o  g iv e  a p u r p l e  t e t r a c a r b o x y l i c  a c i d  whose U.V. spec trum
i n  d i e t h y l e n e  t r i a m i n e  i s  shown F i g .  2 » The p -b a n d s  have
s h i f t e d  by 130$  t o  th e  r e d  and th e  3 “ bands  by on ly  loft i n  compar ison
w i t h  t h e  h y d ro c a rb o n  F i g .  1 . The shape of  th e  spec t rum  has
a l t e r e d  v e r y  l i t t l e  and must in v o lv e  a s i m i l a r  e l e c t r o n i c  c o n j u g a t i o n
t o  t h a t  i n  t h e  h y d ro c a rb o n .  T h i s  a c i d  can be r e a d i l y  c o n v e r t e d  to
th e  a n h y d r id e  by r e f l u x i n g  w i t h  a c e t i c  a n h y d r id e .  Exam ina t ion  o f
t h e  e l e c t r o n i c  s t r u c t u r e  o f  d i o e n z i s o v i o i a n t h r e n e  ( X l l l )  i n d i c a t e s
t h a t  t h e  m o lecu le  s h o u ld  n o t  undergo b e n z o g e n ic  d ie n e  s y n t h e s i s
10even once ,  l e t  a lo n e  t w o f o l d  a d d i t i o n .  I n  f a c t  none o f  th e  p o s s i b l e  
i som e rs  shown s h o u ld  be c ap a b le  o f  r e a c t i o n  w i t h  m a le i c  anhydr ide  a p a r t  
from 1 , 1 4 : 3 , 4 : 7 , 0 : 1 0 , 1 1 -  t e t r a b e n z o p e r o p y r e n e  (XV) w i t h  t h e  Hewar-Tt -  
bond.
(XVa) ( m )
(XVc)
(XIV) (XIVa )
116244
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The a r r a n g e m e n t  o f  t h e  bonds in  t h i s  m o lecu le  i n d i c a t e  t h a t  tw o ro id
a d d i t i o n  o f  rna le ic  a n h y d r id e  would  o c c u r  t o  g iv e  t h e  compounds
(XV a , b , c , )  a n a lo g o u s  t o  th e  case  o f  1 , 1 4 : 3 j4 s7 > 8 : 1 0 ,1 1 -
t e t r a b e n z o p e r y l e n e  ( xiV ) which  forms th e  d i a d d u c t  (XlVa)
11im m ed ia te ly  under  s i m i l a r  c o n d i t i o n s .
A t te m p ts  t o  de hyd ro g en a te  th e  p u r p l e  adduc t  t o  o b t a i n  t h e  f u l l y
a r o m a t i c  m o lecu le  (XVc) one migh t  e x p e c t  from t h i s  s t r u c t u r e  (XVa)
were u n s u c c e s s f u l ,  a l t h o u g h  a g r e e n  f r i n g e  was o b s e rv e d  i n  the '
o
f l a s k  w hich  gave a v e r y  weak band  a t  6 I 4 OA i n  t r i c h l o r o b e n z e n e .
S i m i l a r l y  a t t e m p t s  to  d e c a r b o x y l a t e  t h e  ad d u c t  r e s u l t e d  i n  d i s s o c i a t i o n
t o  th e  hyd ro ca rb o n .
A l though  n e i t h e r  o f  t h e  i s o m e r i c  v i o l a n t h r e n e s  s h o u ld  r e a c t  a c c o r d in g
t o  t h e i r  e l e c t r o n i c  s t r u c t u r e ,  t h e y  were b o t h  r e f l u x e d  f o r  30 rains.
w i t h  rna le ic  a n h y d r id e  and a c r y s t a l  o f  i o d i n e .  No r e a c t i o n  co u ld
be found  i n  t h e  case  o f  v i o l a n t h r e n e .  However a s h i f t  from 51&0& 
o
t o  5300A i n  t h e  p -bands  o f  t h e  a l k a l i  e x t r a c t  from t h e  i s o v i o l a n t h r e n e  
r e a c t i o n  i n d i c a t e d  t h e  p r e s e n c e  o f  an  a d d u c t .  Only a v e r y  sm a l l  amount 
o f  p r o d u c t  ( <* Img.)  was p r e s e n t  however;  t h e  v a s t  m a j o r i t y  o f  the  
h y d ro c a rb o n  r e m a in in g  unchanged a f t e r  r s f l u x i n g  even  f o r  s e v e r a l  hours  
and t h e  su b se q u e n t  a n a l y s i s  d i d  n o t  f i t  any p l a u s i b l e  s t r u c t u r e  b e i n g  
f a r  too  low i n  c a rb o n .  I n c r e a s i n g  t h e  amounts o f  r e a g e n t  d i d  n o t  
i n c r e a s e  t h e  y i e l d  o f  t h e  a d d u c t .
I f  one assumes th e  d i b e n z i s o v i o l a n t h r e n e  s t r u c t u r e  ( X l l l )  f o r  t h e  
p u r p l e  h y d ro ca rb o n  t h e  above can be used  a s  e v id en ce  t h a t  i t  might  
in d e e d  a l s o  r e a c t  w i t h  rna le ic  a n h y d r id e ,  b u t  th e  v e r y  sm al l  y i e l d
82.
§ f  t h e  above ad d u c t  compared w i t h  a lm o s t  t o t a l  r e a c t i o n  o f  th e
p u r p l e  h y d ro ca rb o n  i s  c e r t a i n l y  n o t  c o n c l u s i v e .
The ev id e n c e  a g a i n s t  th e  s t r u c t u r e  ( X l l l )  r e a c t i n g  w i t h  rna le ic
12
a n h y d r id e  i s  b a s e d  on th e  a p p l i c a t i o n  of  t h e  a r o m a t i c  s e x t e t ,
whereby d i b e n s i s o v i o l a n t  h re  ne ( X l l l )  i s  b e s t  f o r m u l a t e d  w i t h
t h r e e  i n h e r e n t  s e x t e t s .  T h i s  a r rangem en t  does  no t  g i v e  r i s e  t o
l o c a l i s e d  d i e n o p h i l i c  r e g i o n s  and t h e r e f o r e  t h e  m o lecu le  would
n o t  be e x p e c t e d  t o  r e a c t  w i t h  rna le ic  a n h y d r i d e .  The a na logy  has
a l s o  been  drawn from t h e  Id.O. c a l c u l a t i o n s  of  P o la n s k y  and 
10
D e r f l i n g e r .  A l though  th e y  d id  n o t  c o n s i d e r  t h i s  m o le c u le ,  t h e i r
-work s u p p o r t s  t h e  a p p l i c a t i o n  o f  th e  a r o m a t i c  s e x t e t s  t o  t h i s
ty p e  o f  s i t u a t i o n .
Hence an isomer  o f  t h e  C H s e r i e s  h a s  been  o b t a i n e d  i n
38 18
a p u re  s t a t e ,  and r e a d i l y  r e a c t s  w i t h  rna le ic  a n h y d r i d e .  I t s
U.V. spec t rum  f a v o u r s  th e  d i b e n s i s o v i o l a n t h r e n e  s t r u c t u r e ,  y e t
i t s  r e a c t i v i t y  w i t h  rna le ic  a n h y d r id e  f i t s  t h e  t e t r a b e n z o p e r o p y r e n e
(XV) s t r u c t u r e .  In  o r d e r  t o  t r y  and c l e a r  up t h i s  prob lem a
s e p a r a t e  s y n t h e s i s  o f  t e t r a b e n z o p e r o p y r e n e  (XV), was
u n d e r t a k e n  and w i l l  be d e s c r i b e d  i n  t h e  n e x t  c h a p t e r .  A t te m p ts
t o  form th e  qu in o n e s  o f  th e  d i b e n z i s o v i o l a n t h r e n e s ,  by a l k a l i
f u s i o n  o f  n a p h t h a n t h r o n e , a r e  a l s o  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l
d i s c u s s i o n  which  f o l l o w s .
The h i t h e r t o  unknown c i r c o b i p h e n y l  (XVl) was a l s o  i s o l a t e d ,
i t s  e x i s t a n c e  b e i n g  f a v o u r a b l y  p r e d i c t e d  from t h e  s p i n  d e n s i t y
0
c a l c u l a t i o n s  on th e  n a p h t h a n t h r y l  r a d i c a l .  I t  i s  a h ig h l y
2000 3000 Wavelength X 4 0 0 0
F i g . 3 Absorption max (X.) and log £ (in  parentheses)
Circob iphenyl  i n  t r i c h lo r o b e n z e n e  CL ; 48lO(2.45)» 4590(2 .72) ,  
4530 (2 .73 ) ;  p  s 4190 (4 .6 0 ) ,  3970(4.5^)* 3840(4-72);  3  : 3640(5*36) 
3450(4 .92) .
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condensed. Hydrocarbon w i t h  a n ig h  m e l t i n g  p o i n t ,  and. i s  b e s t
f o r m u l a t e d  w i t h  r i v e  a r o m a t i c  s e x t e t s  and f o u r  double  bonds
as  shown (XVI) and (XVIa) . I t  can be c o n s i d e r e d  a s  a double
13coronene  ana. x a e r e  must  be comple te  m o b i l i t y  o f  th e  s e x t e t s  
a s  i n  coronene  i t s e l f  ( X X I I l ) , (X X I I I a ) .  T h i s  a n a lo g y  
w i t h  co ronene  t h u s  g i v e s  r i s e  xo t h e  p o s s i b i l i t y  o f  
s u p e r a r o m a t i c i t y  which i s  m a n i f e s t e d  i n  coronene  by t h e  s h i f t  
t o  low f i e l d  o f  th e  s i n g l e  p r o t o n  s i g n a l ,  compared w i t h
Hnormal  a r o m a t i c  p r o t o n  s i g n a l s .  A t t e m p ts  have been  made t o  
r e c o r d  t h e  n . m . r .  s p e c t r a  u s i n g  n igh  t e m p e r a t u r e s  and 
hexam ethy lbenzene  a s  s o l v e n t ,  t o  overcome th e  v e r y  low s o l u b i l i t y  
The s p e c t r a  i s  shown i n  F i g . g a , however t h e r e  i s  some a m b ig u i ty  
c o n c e rn in g  t h e  r a t i o  o f  th e  s i g n a l s ,  which  a p p e a r  t o  v a r y  from 
run  t o  r u n .  C i r c o o i p h e n y l  has  an o range  r e d  p h o s p h o re s c e n c e  
o f  long  l i f e t i m e  when i r r a d i a t e d  i n  s o l i d  s o l u t i o n .  The U.V. 
spec t rum  i n  t r i c n l o r o b e n z e n e  i s  shown i n " F i g ,  3 an& i s  v e r y  
s i m i l a r  t o  t h a t  o f  coronene  w i t h  t h e  a p p r o p r i a t e  r e d  s h i f t ,  bu t  
w i t h  l e s s  f i n e  s t r u c t u r e  i n  t h e  & - b 3 n d s .
Over t h e  y e a r s  C la r  and coworkers  have d e r i v e d  a n n e l l a t i o n  
s e r i e s  f o r  g ro u p s  o f  s i m i l a r  a r o m a t i c  h y d ro c a rb o n s ,  w hich  
a l low  p r e d i c t i o n s  o f  th e  U.V. s p e c t r a  o f  new h y d ro c a rb o n s ,  and 
an i n s i g h t  i n t o  t h e  e l e c t r o n i c  c o n j u g a t i o n  w ix h in  xhese m o le c u le s  
These e f f e c t s  a r e  r e m a rk a b ly  c o n s i s t e n t  f o r  s m a l l e r  m o le c u le s ,  
however t h e y  become more c o m p l i c a t e d  when d e a l i n g  w i t h  l a r g e r
-■1 1 i: : r V
SilElpM IM ii
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h i g h l y  condensed  h y d r o c a r b o n s .  Thus i t  i s  o f  i n t e r e s t  t o  t r y
and p r e d i c t  t h e  bands  o f  a new h y d ro c a rb o n  and compare them w i t h
th e  o b s e rv e d  b a n d s .  The a d d i t i o n  o f  t h r e e  e t h y l e n e  b r i d g e s  t o
t r i p h e n y l e n e  (XXIV) fo rm ing  coronene  (X XII l )  g i v e s  a (3-band
s h i f t  t o  t h e  r e d  o f  4 8 OA. S i m i l a r l y  a d d i t i o n  o f  f o u r  e t h y l e n e
b r i d g e s  t o  1 , 2 : 6 , 7 -d ib e n z o p y r e n e  (XXV) fo rms  o v a len e  (XXVI)
o
w i t h  a c o r r e s p o n d i n g  s h i f t  o f  t h e ^ r b a n d  by 610A, and f o u r
b r i d g e s  t o  l , 2 : 7 > 8 - d i b e n z o c o r o n e n e  (XXVIl) g i v e s  c i r c u m a n t h r a c e n e
0
(XXVIIl)  w i t h  a s h i f t  o f  700A. Hence one can c o n s i d e r  an 
in c re m e n t  o f  a p p r o x i m a t e l y  160$ p e r  e t h y l e n e  b r i d g e  i f  t h e  
e f f e c t  i s  l i n e a r l y  a d d i t i v e  f o r  each  s u c c e s s i v e  b r i d g e .  I f  
one adds  f o u r  e t h y l e n e  b r i d g e s  t o  1 , 1 2 12 , 3 • 1 0 , 1 1 - t r i b e n z o  -  
p e r y l e n e  (XXIX) fo rm ing  c i r c o b i p h e n y l ,  t h e  (3-band s h i f t  s h o u ld  
be o f  t h e  o r d e r  o f  6 4 OA r e s u l t i n g  i n  a newj3“*band a t  3640$,  
w hich  i s  i n  f a c t  c l o s e  t o  th e  o b s e rv e d  band a t  3630$ .
However t h e  a d d i t i o n  o f  e t h y l e n e  b r i d g e s  h a s  t o  be u sed  
w i t h  c a u t i o n  a s  can be s een  from th e  a d d i t i o n  o f  two b r i d g e s  
t o  1 ?1 2 ; 2 ,3 s1 0 , 11 - t r i b e n z c p e r y l e n e  (XXIX) a t  d i f f e r e n t  p o s i t i o n s .  
I f  a d d i t i o n  t a k e s  p l a c e  a t  th e  4 , 4 ’ and 9 , 1 "  p o s i t i o n s ^ 3 , 4 : 5 , 6 :  
7>8—t r i b e n z o p e r o p y r s n e  (XXX) i s  formed^and t h e  e x p e c t e d  s h i f t  
o f  320$ a g r e e s  w e l l  w i t h  t h e  nev»(3“band found  a t  3310S. A 
f u r t h e r  a d d i t i o n  o f  two b r i d g e s  g i v e s  c i r c o b i p h e n y l  w i t h  a 
f u r t h e r  s h i f t  o f  320$ g i v i n g  t h e  o b s e rv e d  band a t  3630$ .
However a v e r y  d i f f e r e n t  s i t u a t i o n  a r i s e s  when t h e  e t h y l e n e  
b r i d g e s  a r e  added a t  t h e  1 * , 1 " and 2 ' , 4 ” p o s i t i o n  o f
(XVI)
%3630
+ 320+
(XXX)
3310 %X s c
+ 320
(XXIX)
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1 , 1 2 : 2 , 3 : 1 0 , 1 1 - t r i b e n z o p e r y l e n e  (XXIX). The newp-band o f  
t h e  formed 3 ,4  s 1 1 , 1 2 - d i b e n z o b i s a n t h e n e  (XXXl) i s  a t  358oS, 
w i t h  a r e d  s h i f t  o f  58o2  a lm o s t  double  th e  e f f e c t  p r e v i o u s l y  
o b s e r v e d .  A d d i t i o n  o f  a  f u r t h e r  two e t h y l e n e  b r i d g e s  t o  
g i v e  c i r c o b i p h e n y l  o n ly  r e q u i r e s  a s h i f t  o f  5o2 f o r  t h e  
o b s e rv e d  band a t  3630$.  T h i s  i s  a  v e r y  asymm etr ic  e f f e c t  
and can  be compared d i r e c t l y  w i t h  t h e  e f f e c t  o f  a d d i t i o n  o f  
an  e t h y l e n e  b r i d g e  t o  1 , 1 2 - b e n z o p e r y l e n e  (XXIl) g i v i n g  
co ronene  ( X X I I l ) . T h i s  i s  accompanied by a s h i f t  o f  the  
p-band  o f  on ly  20$,
T h e r e f o r e  3>4: l l , 1 2 - d i b e n z o b i s a n t h e n e  (XXXl) must  have an 
e l e c t r o n i c  a r r a n g e m e n t  i n  t h e  two h a l v e s  o f  th e  m olecu le  which  
i s  v e r y  s i m i l a r  t o  t h a t  o f  1 , 1 2 - b e n z o p e r y l e n e ,  a s  t h e y  a r e  
b o t h  l i t t l e  a f f e c t e d  by  th e  a d d i t i o n  o f  e t h y l e n e  b r i d g e s .
T h i s  canno t  be t h e  c a s e  f o r  3 , 4 s 5 > o : T>Q*“h r ib e n z o p e r o p y r e n e  
(XX IX) w h ich  shows v e r y  d i f f e r e n t  e l e c t r o n i c  s h i f t s  when two 
e t h y l e n e  b r i d g e s  a r e  added  t o  t h e  m o l e c u le .  In  f a c t  t h i s  
s t r u c t u r e  can  on ly  r e a l l y  be c o n s i d e r e d  a p e ro p y re n e  d e r i v a t i v e  
by v i r t u e  o f  i t s  a r r an g em en t  o f  r i n g s ,  a s  w i t h  f i v e  s e x t e t s  
drawn, i t  n e v e r  a t t a i n s  an e l e c t r o n i c  a r rangem en t  l i k e  -(that 
o f  p e r o p y r e n e  ( s t r u c t u r e  XXX) .  On t h e  o t h e r  hand 3 , 4 . 1 1 , 1 2 -  
d ib e n z o b i s a n t h e n e  (XXXI) i s  b e t t e r  c o n s i d e r e d  a d e r i v a t i v e  o f  
p e ro p y re n e  a s  i t  r e a d i l y  a d o p t s  a p e ro p y re n e  e l e c t r o n i c  
a r r a n g e m e n t  (XXXl) a s  shown, when th e  s t r u c t u r e  i s  a s s i g n e d  
f i v e  s e x t e t s .  T h i s  would ac c o u n t  w e l l  f o r  th e  o b s e rv e d  d i f f e r e n c e s  
i n  t h e  e l e c t r o n i c  s p e c t r a  o f  t h e s e  two m o le c u le s .
50 3000 Wavelength % 4000 5000
Fig .  6 A bsorp t ion  max (X) and log  £  ( i n  p a r e n th e s e s )
Red hydrocarbon ( ^ 8^ 2 0  ^ I*1 cycl°^exane P ! 4760(4*37),  4465(4*21),
4215(4*30) ,  3980(4*15); P V 3580(4*67),  3400(4*57),  3180(4*55),
2995(4*50),  2775 (4*48).
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F i n a l l y  t h e  f i f t h  d i m e r i c  compound i s o l a t e d  from t h e  z i n c  d u s t
r e a c t i o n  was a b r i g h t  r e d  hyd ro ca rb o n  w hich  was r e a d i l y  r e c r y s t a l l i s e d
from cyc lo 'h ex an e . T h i s  was much more s o l u b l e  and had a low er  m e l t i n g
p o i n t  t h a n  t h e  o t h e r  compounds o b t a i n e d .  The a n a l y s i s  and mass
sp e c t ru m  f a v o u r  a m o l e c u l a r  f o rm u la  o f  C38K20 an& i t  was a s s i g n e d
th e  s t r u c t u r e  (XLIV ) on t h e  b a s i s  o f  i t s  U.V. spec t rum  which was
11
s i m i l a r  t o  1 , 1 4 : 3 > 4 s7 j 8 s10 ,11  -  t e t r a b e n z o p e r y l e n e  (XIV ) .
However t h e  n . m . r .  s p e c t r a  a l t h o u g h  i n d i c a t i n g  two m e thy lene  p r o t o n s  
a t  6 . 5 5 T d i d  n o t  g i v e  a sh a rp  s i n g l e t  a t  low f i e l d  which  one would 
e x p e c t  from t h e  bay  p r o t o n s  o f  t h i s  s t r u c t u r e  ^XLIV ) .  The s p e c t r a  
i s  i n  f a c t  v e r y  complex and p o i n t s  t o  an  asym m etr ic  compound. The 
p o s s i b i l i t y  o f  a m i x tu r e  was d i s c o u n t e d  on t h e  g rounds  t h a t  th e  
r e l a t i v e  i n t e n s i t y  o f  t h e  p - b a n d s  were u n a l t e r e d  a f t e r  chromatography 
o r  r e c r y s t a l l i s a t i o n , H o w e v e r  i t s  s t r u c t u r e  r e m a in s  u n s o l v e d .
: v-;....; 4 . ■ : ■ .
g; .::au a e r i , gnawa  
n . Id) V (dX)-- had ah-r. way.
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E x p e r i m e n t a l  D i s c u s s i o n
2
The g e n e r a l  method  a l r e a d y  m e n t io n ed  o f  d im e r s in g  p e r in a p h t h o n e  
1 5 .and b e n z a n t h r o n e  t o  t h e  c o r r e s p o n d i n g  p e ro p y re n e  and  d ib e n z o p e r o p y r e n e s  
was a p p l i e d  t o  6 -  n a p h t h a n th r o n e ( X X X I l ) . 6 -  N ap h th an th ro n e  was
p r e p a r e d  by an  improved  method and underwent b i m o l e c u l a r  c o n d e n s a t i o n  
when h e a t e d  w i t h  z i n c  d u s t  and a few d ro p s  o f  w a t e r  i n  a s e a l e d  t u b e .  
The U.V. spec t rum  o f  t h e  r e s u l t i n g  m i x tu re  i n d i c a t e d  th e  p r e s e n c e  
o f  a number o f  compounds and s u b s e q u e n t  e x t r a c t i o n  w i t h  l i g h t  p e t r o l  
and x y l e n e ,  ch rom a tography  o f  t h e s e  c o n c e n t r a t e d  s o l u t i o n s  and 
s u b l i m a t i o n  o f  t h e  o r g a n i c  r e s i d u e  l e f t  a f t e r  e x t r a c t i o n ,  r e s u l t e d  
i n  t h e  i s o l a t i o n  o f  s even  compounds, two monomeric and f i v e  d im e r i c  
d e r i v a t i v e s  o f  n a p h t h a n t h r e n e .
16,The two monomers were n a p h t h a n t h r e n e  (XXViITfound i n  t r a c e s ;  and 
17
t r i m e t h y l e n e p y r e n e  (XXX.IV)w hich  a r e  r e d u c t i o n  p r o d u c t s  o f  6 -
n a p h t h a n t h r o n e .  The normal r e d u c t i v e  p r o c e s s  w i l l  be o c c u r i n g
a lo n g  w i t h  b i m o l e c u l a r  c o n d e n s a t i o n ,  a l t h o u g h  w i t h  s m a l l  amounts o f
w a t e r ,  t h e  s o u rc e  o f  hydrogen  i s  r e s t r i c t e d  and t h i s  p r o c e s s  i s
m in im i se d .  The two compounds were  r e a d i l y  i d e n t i f i e d  by t h e i r
U.V. s p e c t r a .  F i g .  4
Two o f  t h e  h i g h e r  d e r i v a t i v e s  were known compounds.  Dinaphtho  -
-  p e ro p y ren e  ( lX) had a l r e a d y  b e e n  
d
unam biguous ly  s y n t h e s i s e d  and was a l s o  p r e s e n t  a s  t h e  main component
7
from a z i n c  c h l o r i d e ,  z i n c  d u s t  m e l t  o f  6 -  n a p h t h a n t h r o n e .  The o t n e r  
known p e r o p y r e n e  d e r i v a t i v e  a l s o  i s o l a t e d  from t h e  above m e l t  has
been  a s s i g n e d  th e  s t r u c t u r e  (X )^ a l th o u g h  i t  i s  n o t  c e r t a i n  i f  t h i s
7 -i •s t r u c t u r e  i s  the  c o r r e c t  one.  T h e i r  U.V. s p e c t r a  a r e  shown m  .ri.^. 5*
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Fig .  4 A bsorp t ion  max (ft) and log  £  ( i n  p a r e n th e s e s )  
Tr imethylenepyrene  i n  a l c o h o l ,  OC• 3780(3*40),  3700(2 .87) ,  
3575(3*44); p :  3430(4 .57) ,  3270(4 .40) ,  3130(4 .12) ,  3010(3.75)5 
P : 2770 (4 .74 ) ,  2550(4 . 18)5  • 2445(4 .«4)r  2345(4.55)*
50003000 Wavelength X 4000
Fig .  5 Absorpt ion  max (%) and l o g E  ( i n  parentheses )
  Dinaphtho -  (7* ,1*  51,13)5  ( l f,, 7 H*6, 0 ) -  peropyrene i n  benzene
pi  5 1 0 0 ( 4 . B0 ) ,  4 7 6 0 ( 4 . 5 9 ) ,  4 4 70 (4 .16 )?  3  • 3670(4*92) ,  3 4 9 0 ( 4 . 5 8 ) ,  
3 3 4 0 ( 4 .2 6 ) ;  3  ; 3 1 7 0 ( 4 - 7 2 ) ,  3 0 4 0 ( 4 -6 1 ) .
  Dinaphtho -  ( 7 , , l , : l , 1 3 ) ; ( r , , 7 " : 9 , l l )  -  peropyrene in  xy len e
p: 5 3 2 5 ( 4 . 9 3 ) ,  4 9 5 0 ( 4 . 6 5 ) ,  4 6 5 0 ( 4 .2 0 ) ;  p i 3 9 5 0 ( 4 .4 9 ) ,  3 7 5 5 ( 4 .4 2 ) ,  
3625(4-37)5  p '  * 3 2 4 0 ( 4 .6 5 ) .
(XXXII) (XXXIII)
(XXXIV)
(X)(IX)
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The new h y d r o c a r b o n  c i r c o b i p h e n y l ^ w a s  o b t a i n e d  i n  a pu re  s t a t e
by s u b l i m i n g  t h e  h y d r o c a r b o n  r e s i d u e  l e f t  a f t e r  e x t r a c t i o n  w i t h
l i g h t  p e t r o l  and x y l e n e ,  and d i s s o l v i n g  th e  z i n c  d u s t  i n  conc.
h y d r o c h l o r i c  a c i d .  I t  was a l s o  r e c r y s t a l l i s e d  from 1 -  m e t h y l -
n a p h t h a l e n e  a s  p a l e  y e l l o w  -  g r e e n  n e e d l e s .  C i r c o b ip h e n y l  b e i n g
a f u l l y  condensed  h y d ro c a rb o n  has  t h e r e f o r e  undergone  a f u r t h e r
c o n d e n s a t i o n ,  a f t e r  t h e  i n i t i a l  d i m e r i s a t i o n ,  i n v o l v i n g  t h e  l o s s  o f
two more hyd rogen  a tom s .  I t  t h e r e f o r e  has  the  fo rm u la  C H which
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was c o n f i rm e d  by m i c r o a n a l y s i s  and from e x a m in a t io n  o f  th e  mass 
s p ec t ru m .
A no the r  new h y d r o c a r b o n ,  a s s i g n e d  th e  s t r u c t u r e  ( X l l l )  on th e
b a s i s  o f  i t s  U.V. s p e c t r u m ,  was p r e s e n t  i n  t h e  m i x tu r e  i n  f a i r
p r o p o r t i o n s ,  however o n ly  a s m a l l  amount was o b t a i n e d  i n  a pu re
s t a t e  a s  i t  p r o v e d  e x t r e m e l y  d i f f i c u l t  t o  s e p a r a t e  from th e  i s o m e r ( x ) .
The mass s p e c t ru m  and m i c r o a n a l y s i s  c o n f i rm  t h a t  i t  h as  t h e  fo rm u la
C H . As m e n t io n e d  a l r e a d y  i t  r e a d i l y  r e a c t s  w i t h  rna le ic  a n h y d r id e  
3o 18
tw ic e  fo rm ing  a p u r p l e  t e t r a c a r b o x y l i c  a d d u c t  which can be 
c o n v e r t e d  t o  th e  c o r r e s p o n d i n g  d i a n h y d r i d e  by r e f l u x i n g  w i t h  
a c e t i c  a n h y d r i d e  t h i s  i s  shown by t h e  a n a l y s i s  f i g u r e s  and th e  
s t r u c t u r e s  (XVa,bc) c an n o t  be e x c l u d e d .  A t te m p ts  to  d e hydrogena te  
t h i s  a d d u c t  w i t h  i o d i n e  o r  c h l o r a n i l  were c o m p le te ly  u n s u c c e s s f u l ,  
a s  were d e c a r b o x y l a t i o n  a t t e m p t s  which  m ere ly  r e s u l t e d  i n  d i s s o c i a t i o n  
o f  t h e  a d d u c t .  As e x p e c t e d  none o f  t h e  o t h e r  i som ers  i s o l a t e d  
r e a c t e d  w i t h  rna le ic  a n h y d r id e  even  a f t e r  p r o lo n g e d  r e f l u x i n g  y j i th  
th e  a d d i t i o n  o f  d e h y d r o g e n a t i n g  a g e n t s  such  a s  c h l o r a n i l  o r  i o d i n e .
(XXXV)
jce
( XXXVI)  ( x x x v x i )
I s o v i o l a n t h r e n e  ( j p a ) and v i o l a n t h r e n e  ( Tpo ) were a l s o  r e f l u x e d  
w i t h  rna le ic  a n h y d r i d e  and no t r a c e  o f  an  a d d u c t  c o u ld  be d e t e c t e d  
i n  t h e  c a s e  o f  t h e  l a t t e r  h y d ro c a rb o n .  However p r o lo n g e d  t r e a t m e n t  
o f  i s o v i o l a n t h r e n e  ( I l a  ) ,  w i t h  a d d i t i o n  o f  a  c r y s t a l  o f  i o d i n e ,  
and s u b s e q u e n t  e x t r a c t i o n  o f  t h e  m i x tu r e  w i t h  d i l .  a l c o h o l i c  a l k a l i  
gave  a w eak ly  c o l o u r e d  s o l u t i o n  w i t n  p - b a n d s  a t  53UU, 491C, 4 6 OO 
and |3-*bands a t  3b00 and  3440A. „ A c i d i f i c a t i o n  o f  th e  e x t r a c t  
gave a s m a l l  amount o f  r e d d i s h - b r o w n  p rec ip i ta te (X X X V )  >lmg.  which  
was c o l l e c t e d  by c e n t r i f u g i n g .  However th e  a n a l y s i s  r e s u l t s  d i d  n o t  
f i t  any p l a u s i b l e  s t r u c t u r e  b e i n g  to o  low i n  c a rb o n .  A b e t t e r  
s p ec t ru m  o f  t h i s  ad d u c t  was o b t a i n e d  i n  d i e t h y l e n e t r i a m i n e  w i t h  
s h i f t s  o f  t h e  p - b a n d  from ^1^0 t o  5290 2  and th e  |3' -band from 
3560 t o  36OO 2 i n  d i r e c t  com par ison  w i t h  th e  spec t rum  o f  t h e  
h y d r o c a r b o n  a l s o  i n  d i e t h y l e n e t r i a m i n e . There  i s  v e r y  l i t t l e  change 
i n  t h e  o v e r a l l  shape o f  t h e  two s p e c t r a  a p a r t  from t h i s  s h i f t  t o  
l o n g e r  w a v e l e n g t h s .  However i t  must be em phas i sed  t h a t  o n ly  a v e r y  
sm a l l  amount o f  t h i s  a d d u c t  was o b t a i n e d ,  t h e  v a s t  m a j o r i t y  o f  th e  
h y d ro c a rb o n  r e m a in in g  u n a l t e r e d ,  even  when th e  q u a n t i t i e s  o f  
s t a r t i n g  m a t e r i a l  were i n c r e a s e d .
In  a c l a s s i c a l  p a p e r  d e a l i n g  w i t h  th e  r e a c t i o n s  o f  b e n z a n th r o n e
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(XXXVI)? L u t t r i n g h a u s  and N eres h e im er  showed t h a t  i s o v i o l a n t h r o n e
and v i o l a n t h r o n e  were  formed when b e n z a n th ro n e  was h e a t e d  w i t h
a l c o h o l i c  p o t a s s i u m  h yd rox ide  and t h a t  t h e  y i e l d s  o f  t h e  i som ers
were d ep en d e n t  on t h e  r e a c t i o n  t e m p e r a t u r e .  I s o v i o l a n t h r o n e  cou ld
a l s o  be s y n t h e s i s e d  s p e c i f i c a l l y  by h e a t i n g  e i t h e r  3 - c h l o r o  or
oO H
(OCXVIII)
(XXXIX)
(XLl)
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3 -  b rom ooenz an tk rone  (xxXVIl)w i t h  a l c o h o l i c  p o t a s s iu m  hydroxide
as  t h i s  p r o c e s s  does  n o t  g iv e  t h e  o t h e r  i som e r .
A more r e c e n t  s t u d y \ a s  shown t h a t  t h i s  p ro c e d u re  i s  n o t  as
r e a d i l y  a p p l i e d  t o  6 -  n a p h t h a n t h r o n e .  V/hen t h i s  compound i s
h e a t e d  w i t h  a l c o h o l i c  p o t a s s iu m  hyd rox ide  a t  110° and w i t h  the
t e m p e r a t u r e  a s  h i g h  a s  125° 6 “  n a p h t h a n th r o n e  r em a in s  unchanged .
o
a more r i g o r o u s  t r e a t m e n t  a t  250  u s i n g  a m e l t  o f  p o ta s s iu m  hydrox ide
16
and p o t a s s i u m  a c e t a t e  gave  mono-hydroxy d e r i v a t i v e ,  assumed to  be 
3 - h y d r o x y - 6 - n a p h t h a n t h r o n e  (XXXVI ligand a da rk  b l u e  q u i n o i d  d ik e to n e  
w hich  was a s s i g n e d  t h e  s t r u c t u r e  o f  d ib e n zo v io la rv th ro n e  (XXXIX)
ti 18
i n  a n a lo g y  w i t h  L u t t r i n g h a u s  and H ereshe im er  work.
19
A monobromoi - 6 - n a p h t h a n t h r o n e  was a l s o  formed by r e a c t i n g  eq u im o la r
q u a n t i t i e s  o f  bromine  and 6 - n a p h th a n th r o n e  and t h i s  was th o u g h t
to  be 2 -b rom o-6—n a p h t h a n t h r o n e  ( XL ) i n  view o f  t h e  f a c t  t h a t  i t
formed  a d a r k  b l u e  q u i n o i d  d i k e t o n e  when t r e a t e d  w i t h  a l c o h o l i c
p o ta s s i u m  h y d ro x id e  a t  115° th e  c o n d i t i o n s  used  f o r  f u s i o n  o f
2 -b rom obenz an th rone  t o  ‘i s o v i o l a n t h r o n e .  I t  was t h e r e f o r e  a s s i g n e d
th e  s t r u c t u r e  o f  t h e  d ib e n z i s o . v i o l a n t h r o n e  ( XLI ) a g a i n  i n  ana logy
18w i t h  t h e  e a r l i e r  work.
In  view o f  t h e  u n c e r t a i n t y  o f  t h e  p o s i t i o n  o f  t h e  bromine i n  
t h i s  monobromo d e r i v a t i v e  and t h e  r a t h e r  l e n g t h y  p u r i f i c a t i o n  
p r o c e d u r e ,  t h i s  a p p ro a c h  was no t  p u r s u e d .  I n s t e a d  6 —n a p n t h a n th ro n e  
was r e f l u x e d  f o r  s e v e r a l  days w i t h  p o ta s s iu m  h y d ro x id e ,  x y le n e  and 
i s o p r o p a n o l  and gave  a brown r e s i n o u s  m i x t u r e .  The U.V. spec t rum  
showed m a in ly  u n r e a c t e d  6—n a p h t h a n t h r o n e . However s u b l i m a t i o n  o f  
t h i s  s o l i d  m a t e r i a l  gave ,  a long  w i t h  a b l a c k  t a r ,  a ^0/^0  m ix tu re
/( X L H )  ( X L I I l )
(xuv) (X IV )
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o f  i s o m e r s  ( X I I I  ) and. ( X ) .  There was no t r a c e  from U.V. s p e c t r a  
o f  ( IX ) o r  any o f  t h e  o t h e r  i s c m e r s  p r e v i o u s l y  obta ined ,  from 
t h e  z i n c  d u s t  t r e a t m e n t .  I f  t h e  n a p h t h a n t h r o n y l  (XI,II ) i n t e r m e d i a t e ,  
s i m i l a r  t o  t h e  d i b e n z a n t h r o n y l  (X L I I I )  d e r i v a t i v e  o b t a i n e d  by t h i s  
p r o c e s s  f rom b en za n th ro n e^  was p r e s e n t ,  i t  i s  d i f f i c u l t  t o  e x p l a i n  
why mere s u b l i m a t i o n  p ro d u c e d  t h e  f i n a l  h y d r o c a r b o n s .  On t h e  o th e rh a n d  
i f  b i m o l e c u l a r  c o n d e n s a t i o n  has  been  o c c u r i n g  i t  i s  u n l i k e l y  t h a t  
none o f  t h e  o t h e r  i s o m e r s  e s p e c i a l l y  ( IX ) bave been  f o r m e d . '
I f  t h e  i n t e r m e d i a t e  (X L II  ) was fo rmed i t  would  add e v id e n c e  to  th e  
f a c t  t h a t  compounds ( X I I I  ) and ( X! ) were i n  f a c t  t h e  i s o m e r i c  d ib e n z -  
v i o l a n t h r e n e 3 however no t r a c e  o f  ( X L I I )  co u ld  be d e t e c t e d ,  a l t h o u g h  
a T .L .C .  p l a t e  o f  t h e  crude  a l k a l i  m e l t  r e a c t i o n  m i x tu r e  showed 
a t  l e a s t  tw e n ty  s p o t s .
A p o t a s s i u m  h y d r o x i d e ,  p o t a s s i u m  a c e t a t e  m e l t  o f  6 - n a p h t h a n t h r o n e  
a t  250° was r e p ea ted ,  e x a c t l y  a s  d e s c r i b e d  by B r a d l e y  and S u t c l i f f e ,  
b u t  w i t h  a l o n g e r  r e a c t i o n  t ime  o f  3 h o u r s j  3 - h y d r o x y - 6 - n a p h th a n t h r o n e  
and a s m a l l  q u a n t i t y  o f  b l a c k  r e s i d u e  were formed.
I n s t e a d  o f  t h e  l e n g t h y  p u r i f i c a t i o n  p r o c e s s  u n d e r t a k e n  by th e
19above a u t h o r s  t o  o b t a i n  t h e  qu inone  i n  a p u re  s t a t e ,  the  s o l i d  was 
t h o r o u g h l y  e x t r a c t e d  w i t h  t r i c h l o r o b e n z e n e ,  f i l t e r e d  and th e  s o l u t i o n  
t a k e n  t o  d r y n e s s .  A d i r e c t  z i n c  c h l o r i d e ,  sodium c h l o r i d e ,  z i n c  d u s t  
m e l t  gave  a p r o d u c t  w h ich  d i s s o l v e d  i n  t r i c h l o r o b e n z e n e  i n d i c a t i n g  
a m i x t u r e  o f  a l l  t h e  f o u r  isom er  ( ) ? ( X XVI  ^  ^ X I I I )
p r e v i o u s l y  o b t a i n e d .  T h i s  u n f o r t u n a t e l y  d i d  n o t  p roduce  a s i n g l e  
p u re  compound a s  hoped and f u r t h e r  work was d i s c o n t i n u e d .
92.
EXPERH.ZBZTAL
6 -N a p h th a n t h ro n e  ( V i l l a ) .
N a p h th a n th ro n e  was p r e p a r e d  by th e  improved method o f  I r o n s i d e
and was o b t a i n e d  as  l i g h t  brown p r i s m a  from e t h a n o l  m . p t .  2 4 1 -
o / 0 . 2 0243 ( L i t .  m . p t .  243 ) .
Z inc  d u s t  c o n d e n s a t i o n  o f  6 - N a p h t h a n t h r o n e .
6 - N a p h tn a n t h r o n e  (3  gm.) was powdered i n t i m a t e l y  w i t h  z i n c
d u s t  ( 15 gm.) and  h e a t e d  w i t h  2-3  d ro p s  o f  w a t e r  i n  a s e a l e d  
o
tu b e  a t  310 f o r  50 h o u r s .  The d a r k  r e d - p u r p l e  s o l i d  m ix tu r e  
from f o u r  such  t u b e s  was b ro k e n  up and f i n e l y  powdered .  The 
U.V. s p e c t r a  of  s o l u t i o n s  o f  t h e  crude  p r o d u c t  i n d i c a t e d  a 
m i x tu r e  o f  s e v e r a l  h y d r o c a r b o n s  and an  i n i t i a l  s e p a r a t i o n  was 
e f f e c t e d  by e x t r a c t i n g  t h e  powdered  s o l i d  w i t h  l i g h t  p e t ro l e u m  
(100—120°) and x y l e n e  and s u b s e q u e n t  ch ro m a to g rap h in g  o f  t h e s e  
s o l u t i o n s .
Chromatograph o f  t h e  l i g h t  p e t r o l  e x t r a c t .
The above powdered  s o l i d  was t h o r o u g h l y  e x t r a c t e d  w i t h  t h r e e  
l i t r e s  o f  b o i l i n g  l i g h t  p e t r o l e u m  ( 1 0 0 - 1 2 0 ° ) ,  t h e  s o l u t i o n  
f i l t e r e d  and th e  i n s o l u b l e  r e s i d u e  r e t a i n e d .  The p e t r o l  s o l u t i o n  
was d r i e d  w i t h  a n hyd rous  sodium s u l p h a t e ,  c o n c e n t r a t e d  and 
ch rom a tographed  o v e r  Grade I  n e u t r a l  a lu m in a .
93.
E l u t i n g  w i t h  l i g h t  p e t r o l e u m  (100 -120° )  gave  a  c o l o u r l e s s  
s o l u t i o n  w i t h  a b l u e  f l u o r e s c e n c e  w hich  on c o n c e n t r a t i o n  y i e l d e d  
p a l e  y e l lo w  l e a f l e t s  o f  t r i m e t h y l e n e p y r e n e  i d e n t i f i e d  by  t h e  
U.V. s p e c t ru m .  F u r t h e r  e l u t i o n  w i t h  benzene  gave a n  o r a n g e -  
y e l lo w  band  which  c o n t a i n e d  a number o f  compounds and  t h i s  
s o l u t i o n  was r e t a i n e d  f o r  r e c h r o m a t o g r a p h i n g  ( S o l u t i o n  l ) .
Chromatograph  o f  t h e  x y l e n e  e x t r a c t .
The above r e s i d u e  was a g a i n  t h o r o u g h l y  e x t r a c t e d ,  t h i s  t ime 
w i t h  f o u r  l i t r e s  o f  b o i l i n g  x y l e n e ,  f i l t e r e d  and t h e  i n s o l u b l e  
r e s i d u e  r e t a i n e d .
The s o l u t i o n  was c o n c e n t r a t e d  t o  800 ml .  and on s t a n d i n g  
o v e r n i g h t  y i e l d e d  a dark, r e d d i s h - p u r p l e  c r y s t a l l i n e  d e p o s i t  
w h ich  was f i l t e r e d  and  d r i e d  ( l , 8  g m . ) .  The s o l u t i o n  was 
f u r t h e r  c o n c e n t r a t e d  t o  150  m i s .  and p r i o r  t o  ch rom a tog raph ing  
a f u r t h e r  p r e c i p i t a t e  was f i l t e r e d  o f f  and d r i e d  ( 2 , 5  g m . ) .
The r e m a in in g  r e d d i s h —brown s o l u t i o n  was chromatographed '  
o v e r  Grade I  n e u t r a l  a lu m in a .  E l u t i o n  w i t h  cyc lohexane  gave a 
c o l o u r l e s s  s o l u t i o n  w i t h  a b l u e  f l u o r e s c e n c e  which  y i e l d e d  
a  f u r t h e r  q u a n t i t y  o f  t r i m e t h y l e n e p y r e n e . A y e l l o w - o r a n g e  band 
f o l l o w e d  w hich  c o n t a i n e d  a m i x tu r e  o f  h y d ro c a rb o n s  s i m i l a r  t o  
t h a t  o b t a i n e d  f rom t h e  f i r s t  ch rom a tog raph  and t h e s e  f r a c t i o n s  
were b u l k e d  and t h i s  s o l u t i o n , A 1, was r e t a i n e d .
F u r t h e r  e l u t i o n  w i t h  b e n z e n e / x y l e n e  ( 50 / 50 ) gave  and o r a n g e -  
r e d  band w i t h  a g r e e n  f l u o r e s c e n c e  which  was c o m p le t e ly  deve loped  
w i t h  x y l e n e .  C o n c e n t r a t i o n  o f  t h e s e  f r a c t i o n s  y i e l d e d  orange 
r e d  n e e d l e s  o f  t h e  known d i n a p h t h o - ( 7 1 . 1 1 : 1 . 1 3 )> ( l " , 7 "*6 , 8 ) -
p e r o p y r e n e  (IX) ( l 8 0 0  m g)• Development o f  the  column w i t h  
b o i l i n g  x y l e n e  p r o d u c e d  a m i x tu r e  o f  two more h y d ro c a rb o n s  'which 
on U.V. e x a m i n a t i o n  p ro v e d  t o  be  t h e  known d i n a p h t h o - ( 7 1 . l 151 .13)  
1 M. 7 Ms 9 « l l ) - p e r o p y r e n e  (X) and a new h y d ro c a rb o n .  The f r a c t i o n s  
e n r i c h e d  i n  th e  l a t t e r  h y d ro c a rb o n  gave r o s e - r e d  s o l u t i o n s  w i t h  
an  o range  f l u o r e s c e n c e  and c o n c e n t r a t i o n  o f  t h e s e  gave  a sm a l l  
amount (2 mg.) o f  d a r k  p u r p l e  n e e d l e s .  The l a s t  f r a c t i o n s  from 
th e  column were r e d d i s h  brown s o l u t i o n s  w i t h  a g r e e n  f l u o r e s c e n c e  
and c o n c e n t r a t i o n  o f  t h e s e  gave a lm o s t  pu re  d i n a p h t h o - ( 7 * . I 1s 
1 . 1 3 ) ;  ( l " . 7 " » 9 . 1 l )  - p e r o p y r e n e  (26 mg.) (X ) . F u r t h e r  e l u t i n g  
w i t h  b o i l i n g  t r i c h l o r o b e n z e n e  gave on ly  v e r y  weak s o l u t i o n s  o f  
t h e  h y d r o c a r b o n  (X ) .
Re ch rom a tog raph  o f  t h e  combined, s o l u t i o n s  A and A1
The o r a n g e - y e l l o w  s o l u t i o n s  A and A1 o f  t h e  m i x tu r e  o f  
h y d r o c a r b o n s  7/ k i c h  were no t  s e p a r a t e d  on the. f i r s t  two columns 
were combined and rechrom atograx jhed  o ve r  Grade I  n e u t r a l  a l u m in a .  
Graded e l u t i o n  w i t h  v a r i o u s  p r o p o r t i o n s  o f  c y c lo h e x a n e /b e n z e n e  
gave a f u r t h e r  q u a n t i t y  o f  t r i m e t n y l e n e p y r e n e , t r a c e s  of  
n a p h t h a n t h r e n e  r e c o g n i s e d  from the  U.V. s pec t rum ,  a f u r t h e r
95.
q u a n t i t y  o f  o range  r e d  n e e d l e s  o f  d i n a p h t h o - ( 7 ' . 1 1 : I . 1 3 ) ;
( l M. 7 " :  6 . 8 ) - p e r o p y r e n e  (150  m g s . ) ,  and b r i g h t  s c a r l e t  p l a t e l e t s
o f  a new h y d r o c a r b o n  (50  m g s . ) .  T h i s  new h y d ro ca rb o n  was
r e c r y s t a l l i s e d  from cyc lo h e x a n e  a s  t h i n  b r i g h t  s c a r l e t  p r i s m s ,
m
m . p t .  277-279°  ( d e c * ) ,  M.S. m o l e c u l a r  io n  /e=476> c a l c u l a t e d
M.v7.=476 f ° r  0 H'  The h y d ro c a rb o n  d i s s o l v e d  s lo w ly  i n  
33 20
c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm ing  a g r e e n i s h - b l u e  s o l u t i o n .
The U.V. spec t rum  i s  shown i n  F i g .  6 .
Found 0=95 .17^ ,  H=4.75fo .
C*95-30^.  H=4.77fo 
C^qK^q . r e q u i r e s  C=95»30?c, H=4.20^>
I s o l a t i o n  and p u r i f i c a t i o n  o f  g i r c o b ip h e n .y l  (XVI) .
The r e s i d u e  l e f t  a f t e r  e x t r a c t i o n  o f  t h e  crude r e a c t i o n  
p r o d u c t  w i t h  l i g h t  p e t r o l  and x y le n e  was b o i l e d  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  f o r  s e v e r a l  hours  t o  d e s t r o y  th e  z i n c  d u s t .
The r e m a in in g  o r g a n i c  p r o d u c t  was f i l t e r e d ,  washed w i t h  d i l u t e  
ammonia and w a t e r  and d r i e d  ( 6 . 2  g m . ) .  The U.V. spec t rum  o f  t h i s  
p r o d u c t  i n  t r i c h l o r o b e n z e n e  i n d i c a t e d  t h e  p r e s e n c e  o f  t h e  two 
d in a p h t h o p e r o p y r e n e s  (IX,X) a l r e a d y  i s o l a t e d  and th e  new p u r p l e  
h y d ro c a rb o n  ( X I I l ) .
However a c o n s i d e r a b l e  amount o f  p r o d u c t  was o n ly  s p a r i n g l y  
s o l u b l e  and  the  m i x t u r e  was t h e r e f o r e  s u b l im ed .  At 310° ,
96.
-4
(10 m.m. H g . ) ,  d i n a p h t h o - ( 7 t . 1 * s i . 1 3 ) ; ( l " . 7 u s 9 « l l ) - p e r o p y r e n e  
(IX) s u b l im ed  and up t o  400° t h e  o t h e r  two hyd ro ca rb o n s  (x) 
and ( Z I I I ) s u b l i m e d  o f f  t o g e t h e r .  T em p e ra tu re s  i n  e x c e s s  o f  
4 0 0 ° y i e l d e d  b r i g h t  o l i v e  b l a d e s  o f  a h i t h e r t o  u n d e t e c t e d  
h y d r o c a r b o n .  T h i s  e x t r e m e l y  i n s o l u b l e  compound co u ld  e a s i l y  
be i s o l a t e d  a lmos t ’ i n  a p u re  s t a t e  m e re ly  by r e f l u x i n g  the  
s u b l i m a t e  i n  b o i l i n g  x y le n e  w hich  d i s s o l v e d  o t h e r  h y d roca rbon  
i m p u r i t i e s .  R e c r y s t a l l i s a t i o n  was p o s s i b l e  u s i n g  b o i l i n g  r e d i s t i l l e d  
1 - m e t h y l n a p h t h a l e n e ,  t h e  h y d ro c a rb o n  c r y s t a l l i s i n g  from t h e  a lm os t
b o i l i n g  brown y e l lo w  s o l u t i o n  a s  f i n e  b r i g h t  y e l l o w - g r e e n  n e e d l e s ,
o mm . p t .  480-4&3 , M.S.  m o l e c u l a r  i o n  / e  4 7 2 5 c a l c u l a t e d  M.Y/.=
472 f o r  C H • The h y d ro c a rb o n  d i s s o l v e s  s lo w ly  i n  warmed 
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c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm ing  a r e d d i s h - b r o w n  s o l u t i o n .
The U.V. spec t rum  i s  shown in  F i g .  3*
Found C=9 6 . 32fc, H=3.63f*
C H r e q u i r e s  C=96.59^> H=3»41$
38 16
A tte m p ted  s e p a r a t i o n  o f  h y d ro c a rb o n s  ( IX, X and X I I I )  by 
h i g h  vacuum s u b l i m a t i o n .
The U.V. spec t rum  o f  a  s o l u t i o n  o f  th e  p u r p l e - r e d  c r y s t a l l i n e  
p r o d u c t  w hich  had p r e c i p i t a t e d  on c o n c e n t r a t i o n  o f  t h e  x y l e n e  
e x t r a c t  p r i o r  t o  ch rom a tography  (4«3 gms. )  i n d i c a t e d  a m ix tu r e  
o f  t h r e e  h y d r o c a r b o n s .  The m a jo r  c o n s t i t u e n t  was d i n a p h t h o —
( 7 * . 1 ’ s i . 13 ) ;  ( 1 " . 7 " : 6 . 6 ) - p e r o p y r e n e  (IX) which co u ld  a lm o s t  
be c o m p le t e ly  s e p a r a t e d  from the  m ix tu re  by s u b l i m a t i o n  w i t h
-4
a maximum t e m p e r a t u r e  o f  330° (10 m.m. H g . ) .
The r e s i d u e  from t h i s  s u b l i m a t i o n  was t h e n  c o m p le t e ly  sub l im ed
y i e l d i n g  a f u r t h e r  s m a l l  amount o f  (IX) and a t  t e m p e r a t u r e s
i n  e x c e s s  o f  3 50° ,  two o v e r l a p p i n g  bands  c o n s i s t i n g  o f  (X) a n d ( X I I l )
sub l im ed  o f f  t o g e t h e r . .  These two hyd ro ca rb o n s  co u ld  n o t  be
s e p a r a t e d  from e a c h  o t h e r  by t h i s  method  even w i t h  long
s u b l i m a t i o n  t i m e s  ( 3 h o u r s )  and g r a d u a l  i n c r e a s e s  i n  t e m p e r a t u r e ,
b u t  were  c o m p l e t e l y  s e p a r a t e d  from (X) and a sample (45 rogs.)
was o b t a i n e d .  However r e c r y s t a l l i s a t i o n  o f  t h i s  m i x tu r e  from
r a e s i t y l e n e  f u r n i s h e d  a q u a n t i t y  (12  mgs . )  o f  t h e  p u r p l e
h y d ro c a rb o n  ( X I I l )  i n  an  a lm o s t  p u re  s t a t e ,  m . p t .  4 2 7 -4 3 0 ° ,
w h ich  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  on 'warming w i t h
m
a v i o l e t  c o l o u r .  M.S.  m o l e c u l a r  i o n  / e  474* c a l c u l a t e d
H.W. = 474  f o r  C H .
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Found 0=96.11fo} H=3*84%
C H r e q u i r e s  0=96.18^.,  E=3*83^
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A d d i t i o n  o f  rn a le ic  a n h y d r id e  t o  h y d ro c a rb o n  ( X I I l ) .
A m i x t u r e  (5*2 gm.) o f  t h e  t h r e e  h y d ro c a rb o n s  ( lX,X and X I I l )  
was r e f l u x e d  f o r  tw e n ty  m in u te s  w i t h  30  gm. o f  p u r i f i e d  rna le ic  
a n h y d r i d e .  The p u r p l e - r e d  s o l u t i o n  da rk en e d  on ly  s l i g h t l y  
and was p o u re d  i n t o  w a t e r  and t h e  r e s i d u e  t n o r o u g h l y  washed
98.
-with ho t  w a t e r  t o  remove e x c e s s  rna le ic  a n h y d r i d e .  The r e s i d u e  
was e x t r a c t e d  o v e r n i g h t  w i t h  d i l u t e  sodium hydrox ide  s o l u t i o n  con 
t a i n i n g  • 5Op a l c o h o l  and t h e  p u r p l e  m ix tu r e  co o led  and f i l t e r e d .  
The r e s i d u e  was washed  w i t h  w a t e r  and d r i e d  (4 -4  gms. ) ,  U.V. 
e x a m in a t io n  shov/ed t h a t  a lm o s t  a l l  th e  hyd roca rbon  ( X I I l )  
had r e a c t e d  l e a v i n g  ( IX) and (x )  a s  t h e  r e s i d u e .
The c l e a r  deep p u r p l e  s o l u t i o n  was f i l t e r e d  and c a r e f u l l y  
a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and t h e  v e r y  f i n e  
p u r p l e  p r e c i p i t a t e  a l l o w e d  t o  s e t t l e .  S e p a r a t i o n  o f  t h i s  
p r e c i p i t a t e  from t h e  m othe r  l i q u o r  p roved  im p o s s ib l e  by normal  
s u c t i o n  o r  g r a v i t y  f i l t r a t i o n  methods ,  and c e n t r i f u g i n g  was 
u s e d .  The c o l o u r l e s s  m o the r  l i q u o r  was d e c a n te d  a f t e r  each  
c e n t r i f u g a t i o n  and  r e p l a c e d  w i t h  d i s t i l l e d  w a te r  t h u s  washing  
t h e  p r e c i p i t a t e  a c i d  f r e e .  F i n a l l y  t h e  p r e c i p i t a t e  was d r i e d  
g i v i n g  a d a r k  p u r p l e  b r i t t l e  s o l i d  (500  nig. ) m . p t .  > 5^0°
■which d i s s o l v e d  slo'wly i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rming 
an o l i v e  g r e e n  s o l u t i o n .
C H 0 r e q u i r e s
4 6  2 6  8
C 4 6  H 2 2  ° 8 r e < i u i r e s
Pound 0*78 .91^ ,  H=3.86fo
0=78.19^,  H«3.68$
0=7 8 . 637% H= 3 . 1  yfo
The above t e t r a c a r b o x y l i c  a c i d  (10 mgs. )  was f i n e l y  powdered 
and r e f l u x e d  f o r  4 0  rains ,  w i t h  e x c e s s  a c e t i c  a n h y d r id e  (3  m i s . )  
g i v i n g  a deep  p u r p l e  s o l u t i o n ,  a l t h o u g h  no t  a l l  o f  t h e  p r o d u c t  
d i s s o l v e d .  The c o o l e d  m i x t u r e  was f i l t e r e d ,  t h o r o u g h l y  washed 
w i t h  benzene  and d r i e d  u nde r  vacuum.
Y i e l d  8 mgs.  m . p t .  )> 5°0°
Found C=82.34& H=3.44f*
C H 0 r e q u i r e s  C=82.40/1>, H=3.29^
46 22 6
^46 "18 ^6 reclu *r e s  0=82.88^3, H=2.70fo
A t te m p te d  d e h y d r o g e n a t i o n  o f  th e  a n h y d r id e  (XVb)
The above a n h y d r i d e  (6  mg) was r e f l u x e d  f o r  one hour  'with
a c e t i c  a n h y d r id e  ( 3 m i s . )  and a c r y s t a l  o f  i o d i n e .  The brown
s o l u t i o n  was c o o l e d  and  t h e  d a rk  p u r p l e  powder f i l t e r e d ,  washed
w i t h  a c e t i c  a n h y d r id e  and benzene  and d r i e d ( 5 m g ) .  A p a l e  g r e e n  f r i n g
was o b s e r v e d  a t  t h e  l i q u i d  s u r f a c e  l e v e l  o f  t h e  f l a s k  and t h e  U.V.
0
sp e c t ru m  i n  t r i c h l o r o b e n z e n e  showed b an d s  a t  8140  and I cj0 0  A which
were v e r y  weak due t o  t h e  p o o r  s o l u b i l i t y  o f  t h e  p r o d u c t .
Found C-8I . 64&  E 3.15?*
C E O  ( f u l l y  a r o m a t i c )  r e q u i r e s  C=83. 38p,H=2.11^
46  14 6
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A tte m pted  d e c a r b o x y l a t i o n  o f  t h e  t e t r a c a r b o x y l i c  a c i d  a d d u c t  ( ~^ ra )
The t e t r a c a r b o x y l i c  a c i d  (50  mgs. )  was sub l im ed  s lo w ly  f o r
-k-
s e v e r a l  h o u r s  u n d e r  good vacuum. At 200° (10 m.m. Hg.) a 
p a l e  y e l lo w  n o n - c r y s t a l l i n e  p r o d u c t  sub l im ed .  The t e m p e r a t u r e  
was s lo w ly  r a i s e d  t o  380° and  a p u r p l e  p r o d u c t  s t a r t e d  t o  su b l im e .  
The t e m p e r a t u r e  was h e l d  a t  380-4-10° f o r  two h o u r s .  The tube  
was c o o l e d ,  th e  s u b l i m a t i o n  b o a t  removed and th e  r e s i d u e  weighed 
(38 r a g s . ) .  The p u r p l e  s u b l i m a t e  was s c r a p e d  from t h e  tu b e ,  
e x t r a c t e d  w i t h  a s m a l l  amount o f  d i l .  a l c o h o l i c  sodium h y d ro x id e ,  
r e c r y s t a l l i s e d  from x y l e n e  and d r i e d .  (2 m g s . ) .  The U.V. 
spec t rum  was a l m o s t  i d e n t i c a l  t o  t h a t  o f  t h e  p u re  h y d ro ca rb o n  
( X I I I ) .
Found C=92.92/£,H=3.93
C H r e q u i r e s  0=96.18^ ,H = 3 .82^
38 18
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C H A P T E R  4.
ATTII7PTI-D SYNTHESIS o f  1 114:3»4  * 7 § & s IQ» ll-TETRAHEHSOPEROPYRENE
( I )
INTROHUCTIOK
The t h e o r e t i c a l  u n c e r t a i n t y  o f  th e  s t a b i l i t y  o f  t h i s  h yd roca rbon  
prom pted  an  a t t e m p t  t o  s y n t h e s i s e  th e  b a s i c  ca rbon  s k e l e t o n  
u n am biguous ly ,  i n  an a n a lo g o u s  manner t o  t h e  s u c c e s s f u l  r o u t e  
d e v e lo p e d  f o r  s y n t h e s i s  o f  t r i a n g u l e n e  d e r i v a t i v e s .  I t  was a l s o  
hoped  t h a t  s y n t h e s i s  o f  ( i )  would c l a r i f y  th e  a p p a r e n t l y  anomolous 
a d d i t i o n  o f  m a le i c  a n h y d r id e  t o  th e  p u r p l e  h y d ro c a rb o n  d i s c u s s e d  
i n  t h e  p r e v i o u s  c h a p t e r .
102.
D i s c u s s i o n
S e v e r a l  d e f i n i t i o n s  o f  t h e  e l e c t r o n i c  r e q u i r e m e n t s  f o r  th e
e x i s t e n c e  o f  a  b e n z e n o i d  h y d ro c a rb o n  a s  a s t a b l e  m o lecu le  have
b e e n  p u t  f o r w a r d  i n  t h e  l i g h t  o f  th e  v a r i o u s  t h e o r e t i c a l  a p p r o a c h e s .
The V a lence  Bond Theory  r e q u i r e s  t h a t  t h e  m olecu le  must have
two o r  more K eku le  s t r u c t u r e  each  o f  w h i c h ' o c r . t r i b u t e a tow ards
th e  normal  s t a t e  o f  t h e  m o le c u le  t o  a c e r t a i n  f i x e d  p e r c e n t a g e ,
1
d e pend ing  on i t s  s t a b i l i t y .  From t h i s  d e f i n i t i o n  a s t r u c t u r e  -
/
w i t h  none o r  on ly  one Kekule  s t r u c t u r e  i s  n o t  c o n s i d e r e d  capab le
o f  e x i s t e n c e  a s  a s t a b l e  a r o m a t i c  h y d ro c a rb o n .
I n  t h e  quantum m e c h a n i c a l  a p p ro a c h  t h e  T t - e l e c t r o n s  a r e
c o n s i d e r e d  t o  be d i s t r i b u t e d  o v e r  t h e  whole r i n g  sys tem,  i n  p a i r s ,
2
i n  t h e  l o w e s t  e n e r g y  m o l e c u l a r  o r b i t a l s .  T h i s  method does  
n o t  r e q u i r e  t h a t  a  s t a b l e  a r o m a t i c  sys tem s h o u ld  be c a p a b le
/
o f  b e i n g  w r i t t e n  i n  a c l a s s i c a l  form w i t h  one o r  more Kekule  
s t r u c t u r e s .
Thus i n  o r d e r  t o  f i n d  ou t  how t h e s e  c o n s i d e r a t i o n s  a r e  
r e l e v a n t ,  i t  i s  o f  c o n s i d e r a b l e  i n t e r e s t  t o  t r y  and s y n t h e s i s e  
a r o m a t i c  h y d ro c a rb o n s  w hich  can be  w r i t t e n  w i t h  on ly  one or  w i t h  
no Kekule^ s t r u c t u r e s .  The l a t t e r  case  i s  e x e m p l i f i e d  by th e  
s t r u c t u r e  ( i )  w i t h  t h e  c o m p o s i t i o n  H 9 w h ich  i s  t h e  h y d ro ­
ca rbon  t r i a n g u l e n e .  T h i s  canno t  be f o r m u l a t e d  i n  any way 
w i t h  Kekule  s t r u c t u r e s  and t h e r e f o r e  can on ly  be w r i t t e n  
a c c o r d i n g  t o  c l a s s i c a l  s t r u c t u r a l  t h e o r y  a s  a d i r a d i c a l .
(I) ( IX )
CH;
Hf  CH*
(IH)
CH-
H H.
(VI)
or
«/|s
(IV)
CH
(VII)
N aO ON a
(VIII) (IX)
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3T h i s  was f i r s t  p o s t u l a t e d  by C la r  from t h i s  s t a n d p o i n t  and
c o n f i rm e d  soon a f t e r  by  L o n g u e t t - H i g g i n s ,  whose m o l e c u l a r
o r b i t a l  c a l c u l a t i o n s  showed t h a t  t h e  t r i a n g u l e n e  s t r u c t u r e
4
would  i n d e e d  e x i s t  a s  a  d i r a d i c a l .
The s t r u c t u r e  ^Xl) can  a l s o  be c o n s i d e r e d  a s  a  p o l y e n i c
framework  w i t h  t h e  i n t e r n a l  f o u r  TC—e l e c t r o n s  ( i n d i c a t e d  by
d o t s )  c a p a b le  o f  b e i n g  a r r a n g e d  i n  two o r b i t a l s ,  b u t  no t  i n
doub le  b o n d s .  I f  t h e  f o u r  ca rb o n  atoms i n  t h e  c e n t r e  o f
t r i a n g u l e n e  a r e  removed,  t h e  r e m a in in g  annu lene  sys tem h a s
two K eku le  s t r u c t u r e s  and  i s  s t a b l e .  These f o u r  i n t e r n a l
c a rb o n  a to m s  can e x i s t  i n  th e  s t a b l e  m e th y le n e c y c lo p ro p a n e
a r r a n g e m e n t  ( i n )  ^ b u t  t h i s  would  r e q u i r e  t h e  f o r m a t i o n  o f
a bond be tw ee n  meta c a r b o n  atoms i f  i t  were r e p l a c e d  i n  t h e
t r i a n g u l e n e  s t r u c t u r e ,  and t o d a t e ,  t h e r e  a r e  no p o l y c y c l i c
5
a r o m a t i c  h y d r o c a r b o n s  w i t h  t h i s  form o f  b o n d in g .  The o t h e r
p o s s i b l e  a r r a n g e m e n t  i s  t r i m e t h y l e n e m e t h a n e  (IV) which  has
two f r e e  v a l e n c i e s .  T h i s  h a s  been  i s o l a t e d  and shown t o
e x i s t  i n  t h e  t r i p l e t  g round  s t a t e ,  t h e  two e l e c t r o n s  hav ing
p a r a l l e l  s p i n s .  Two such  m o l e c u le s  w i t h  opposed  s e t s  o f  s p i n s  can
d i m e r i s e  t o  form 1 , 5 -d i rn e t h y le n e c y c lo h e x a n e  ( v ) ^ b u t  i n t r a - m o l e c u l a r
c y c l i s a t i o n  o f  an  i n d i v i d u a l  t r i m e t h y l e n e m e t h a n e  m o lecu le
t o  form m e t h y le n e c y c lo p r o p a n e  i s  n o t  a l l o w e d ,  a s  t h e  bond
6 ,
would  have e l e c t r o n s  w i t h  p a r a l l e l  s p in s . '  . T h i s  s t r u c t u r e  
i s  t h e r e f o r e  more r e l a t e d  t o  t h e  c e n t r e  o f  t r i a n g u l e n e  a s  opposed
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t o  s t r u c t u r e  ( I I I )  w h ich  h a s  a meta ca rb o n  bond .
The e x p e r i m e n t a l  e v i d e n c e  shows w i t h o u t  doubt  t h a t  t r i a n g u l e n e
7
i s  a  d i r a d i c a l  and n o t  a s t a b l e  a r o m a t i c  h y d ro c a rb o n .  Dehydro*- 
g e n a t i o n  o f  t h e  s t a b l e  h e x a h y d r o t r i a n g u l e n e  (Vi)  u s i n g  p a l l a d i u m  
c h a r c o a l  a t  3 0 0 ° , c o n d i t i o n s  which  a r e  m i ld  enough f o r  dehyd ro ­
g e n a t i o n  t o  t h e  most  s e n s i t i v e  h y d r o c a r b o n s ,  r e s u l t s  i n  a polymer  
which  c o u ld  n o t  be su b l im e d  from t h e  c a t a l y s t  even  under  vacuum^ 
a t  h i g h  t e m p e r a t u r e .  A brown po lymer  was a l s o  formed when 
d e h y d r o g e n a t i o n  was a t t e m p t e d  u s i n g  p a l l a d i u m  c h a r c o a l  i n
7
t r i c h l o r o b e n z e n e  a t  200 .
F u r t h e r  e x p e r i m e n t a l  p r o o f  o f  t h e  i n s t a b i l i t y  o f  th e  t r i a n g u l e n e  
s k e l e t o n ,  a t  even  lo w e r  t e m p e r a t u r e s ,  i s  e v i d e n t  from a t t e m p t s
7
t o  r e d u c e  t h e  s t a b l e  r e d  t r i a n g u l e n e q u i n o n e  ( V I l ) . I t  s h o u ld
n o t  show t h e  p r o p e r t i e s  o f  a normal qu inone ,  a s  t h e  two c a r b o n y l s
have to  be r e d u c e d  i n d e p e n d e n t l y  t o  a v o i d  t h e  t r i a n g u l e n e  s t r u c t u r e
( V I I l ) ,  w h ich  would  r e s u l t  i f  normal  quinone  r e d u c t i o n  was o c c u r r i n g .
In  f a c t  t r e a t m e n t  o f  t r i a h g u l e n e q u i n o n e  w i t h  a l k a l i n e  sodium
d i t h i o n i t e  does  g iv e  a g r e e n  s o l u t i o n  b u t  t h i s  i s  due t o  the
f o r m a t i o n  o f  t h e  mono-sodium s a l t  (IX) r e a d i l y  shown by a n a l y s i s .
Hence even  a t  t e m p e r a t u r e s  o f  l e s s  t h a n  100° t h e  t r i a n g u l e n e
s k e l e t o n  i s  n o t  s t a b l e  and th e  m o lecu le  f a v o u r s  t h e  a l t e r n a t i v e
7
a r ra n g e m e n t  as  i n  ( IX) .
The y e l lo w  h y d ro c a rb o n  a n t h a n t h r e n e  (X) i s  i s o m e r i c  w i t h  
t r i a n g u l e n e  b u t  has  a d i f f e r e n t  a n n e l l a t i o n  o f  t h r e e  ca rb o n
(X) (XX)
Marked atoms « 11
, Unmarked atoms * 11
(XII)
Marked atoms & 12
Unmarked atoms = 10
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atoms o f  one r i n g .  A n th a n t h re n e  can  be w r i t t e n  w i t h  s e v e r a l  
/
Kekule  s t r u c t u r e s  and i s  a  s t a b l e  a r o m a t i c  h y d ro c a rb o n .  T h i s
d i f f e r e n c e  i n  s t a b i l i t y  be tw ee n  t h e  two i s o m e r i c  h y d ro c a rb o n s
can be r e a d i l y  d e m o n s t r a t e d  i n  a n o t h e r  way.
I f  one marks t h e  a l t e r n a n t  c a rb o n  atoms o f  a n t h a n t h r e n e  (Xl)
a s  shown t h e n  t h e r e  a r e  t h e  same number o f  marked a s  unmarked 
8c a rb o n  a tom s .  The marked c a rb o n  atoms can be c o n s i d e r e d  as
h a v i n g  T t - e l e c t r o n s  o f  t h e  same s p in  w h i l e  t h e  unmarked atoms
have e l e c t r o n s  o f  t h e  o p p o s i t e  s p i n .  Hence TC—•e l e c t r o n  p a i r s
can  be  formed  i n  many vjays from e l e c t r o n s  o r i g i n a t i n g  from
o r t h o  and p a r a  ca rb o n  a toms,  b u t  a meta bond i s  r u l e d  ou t
a s  t h i s  would  i n v o l v e  p a i r i n g  o f  two i f - e l e c t r o n s  w i t h  p a r a l l e l  s p i n s
9
i n  v i o l a t i o n  o f  t h e  P a u l i  p r i n c i p l e .  T h e r e f o r e  t h e  i m p o s s i b i l i t y  
o f  meta  bon d in g  i n  p o l y c y c l i c  a r o m a t i c  h y d ro c a rb o n s  i s  i n h e r e n t  
i n  t h i s  scheme.
Formula  (X I l )  shows t h e  a l t e r n a n t  mark ing  f o r  t r i a n g u l e n e  and
t h e r e  a r e  two more marked th a n  unmarked a tom s .  T h i s  means
t h a t  t h e r e  a r e  two T t - e l e c t r o n s  w i t h  p a r a l l e l  s p i n s  w hicn
c an n o t  be p a i r e d  and t h e  m o lecu le  must e x i s t  a s  a d i r a d i c a l .
10
T h i s  method was f i r s t  i n t r o d u c e d  by 0 . Schmidt  and V .A .Izmai l*  s k i .
The l a t t e r  a u t h o r  showed t h a t  t h e  s t r u c t u r e s  o f  t h e  v a l e n c e  
bond method a r e  i n h e r e n t  i n  th e  marked benzene  r i n g  and i f  
one w r i t e s  bonds be tw een  marked and unmarked ca rb o n  atoms i n  
b e n z e n e ,  th e  two Kekule^ s t r u c t u r e s  and th e  t h r e e  Dewar s t r u c t u r e s
(x x v )
(XVI)
(XV)
Marked atoms « 12 
Unmarked atoms = 12
(XVIa)
(mil) (XVII) 
Marked atoms * 13 
Unmarked atoms ■ 11
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a r e  o b t a i n e d  ( X I I l ) ,
T h i s  method a l s o  s a t i s f a c t o r i l y  e x p l a i n s  th e  s t a b l e  e x i s t a n c e
o f  t h e  z e t h r e n e s  d e s p i t e  t h e  f a c t  t h a t  t h e y  can o n ly  be w r i t t e n  
/  12
w i t h  one Kekule  s t r u c t u r e .  The f o r m u l a t i o n  o f  z e t h r e n e  w i t h
dou b le  bonds  (XIV) a l s o  c o n t a i n s  two n a p h t h a l e n e  complexes
e a c h  o f  w h ich  can be w r i t t e n  w i t h  t h r e e  Kekule7 s t r u c t u r e s .
N e v e r t h e l e s s ^ t h e  two c e n t r a l  bonds  r e m a in  f i x e d ,  and i f  m o b i l i t y
o f  a l l  t h e  double  bonds i s  c o n s i d e r e d  a c r i t e r i o n  f o r  a r o m a t i c i t y ,
12
t h e n  z e t h r e n e  canno t  be an a r o m a t i c  h y d ro c a rb o n .
However t h e  a l t e r n a n t  marking shows (XV) t h a t  t h e r e  i s  an eq u a l
number o f  marked and unmarked ca rbon  atoms (12 and 12) and
t h e r e f o r e  t h i s  t h e o r y  p r e d i c t s  t h a t  z e t h r e n e  w i l l  be s t a b l e .
The a b s o r p t i o n  sp ec t ru m  o f  t h e  r e d  z e t h r e n e  shows a l l  the
c h a r a c t e r i s t i c s  o f  an  a r o m a t i c  h y d ro c a rb o n  and i s  q u i t e  s i m i l a r
t o  t h e  spec t rum  o f  l , 2 : 7 > 8 ~ !l i h e n z o p e r y l e n e  ( XVI a ) ,  which  does
13n o t  have f i x e d  doub le  bonds .  D i - 2 - n a p h t h y l b u t a d i e n e  ( XVI ) 
on t h e  o t h e r  hand,  w h ich  has  t h e  same f i x e d  double  bonds  a s  
z e t h r e n S j b u t  not  i n  hexagons ,  ha s  a spec t rum  which  i s  v e r y  
d i f f e r e n t  from t h a t  o f  z e t h r e n e .  The fo rm u la  (XV) a c c o u n t s  
f o r  t h e  p r o p e r t i e s  o f  z e t h r e n e  a l o t  b e t t e r  t h a n  t h e  more r i g i d  
fo rm u la  (XIV).
The a l t e r n a n t  mark ing  a l s o  e x p l a i n s  why th e  i s o m e r i c  
d i b e n z o t e t r a c e n e  canno t  e x i s t  a s  a  s t a b l e  h y d ro c a rb o n .  There 
a r e  t h i r t e e n  marked and on ly  e l e v e n  unmarked ca rbon  atoms (XVIl)
(XX) (XXa)
Marked atoms = 18
Unmarked atoms = 15
(XXI) (XXIa)
Marked atoms = 25
Unmarked atoms = 21
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ana  i t  must  e x i s t  a s  a d i r a d i c s l  i n  t e rm s  o f  c l a s s i c a l  c h e m is t r y .
U
No h y d r o - d e r i v a t i v e  o f  i t  h a s  30 f a r  been  p r e p a r e d .  A l l  t h e  
b e n z o l o g u e s  of  z e t h r e n e  and t h e i r  c o r r e s p o n d i n g  d ih y d ro  i s o m e r s  
which  have been  s y n t h e s i s e d ,  f o l l o w ’ t h e  p a t t e r n  o f  z e t h r e n e  and
Q
d i h y d r o d i b e n z o t e t r a c e n e  e x a c t l y .  I t  s h o u ld  be n o te d  t h a t  i t  i s
/
n o t  p o s s i b l e  t o  draw Kekule  s t r u c t u r e s  f o r  m o l e c u le s  such -as 
d i b e n z o t e t r a c e n e  (X V I I I ) ,  and t h i s  method a l s o  p r e d i c t s  t h e i r  
e x i s t e n c e  on ly  a s  d i r a d i c a l s .
The above i d e a  o f  a l t e r n a n t  mark ing  a l l o w s  one t o  p r e d i c t  th e  
s t a b i l i t y  o f  a m o lecu le  by c o n s i d e r i n g  t h e  number o f  marked 
and unmarked c a rb o n  a tom s .  As m e n t ioned  b r i e f l y  i n  t h e  p r e c e d i n g  
c h a p t e r ,  h y d ro c a rb o n s  which  have a t r i a n g u l a r  shape  do n o t  have 
com ple te  K e lou l /  s t r u c t u r e s  and e x i s t  a s  r a d i c a l s .  The f i r s t  
member o f  t h e  s e r i e s ,  p e r i n a p h t h e n e  (XIX) i s  a f a i r l y  s t a b l e  
r a d i c a l .  T r i a n g u l e n e ,  a s  d i s c u s s e d ,  i s  a d i r a d i c a l  \yhich 
p o l y m e r i s e s  s p o n t a n e o u s l y  when formed.  The nex t  member o f  th e  
s e r i e s  (XX) w i t h  t h e  maximum number o f  doub le  bonds  has  t h r e e  
e x t r a  v a l e n c i e s ,  and t h e r e f o r e  no Kekule/  s t r u c t u r e .  The a l t e r n a n t  
mark ing  p r o c e s s  (XXa)gives  e i g h t e e n  marked and f i f t e e n  unmarked 
c a rb o n  atoms hence b o t h  methods p r e d i c t  a  t h r e e f o l d  r a d i c a l  
and t h e  e l e c t r o n s  w i l l  have p a r a l l e l  s p i n s .  E x t e n s i o n  t o  h i g h e r  
homologues  p r e d i c t s  f o u r f o l d  (XXI) and f i v e f o l d  r a d i c a l s  and so 
on.
However i f  one c o n s i d e r s  t h e  m o lecu le  (XXIl) which  i s
o(XXII) (XXIIa)
Marked atoms « 19 
Unmarked atoms = 19
(XXIII) (XXIV)
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e f f e c t i v e l y  two t r i a n g u l e n e  m o i e t i e s  f u s e d  t o g e t h e r ,  t h e
number o f  marked ca rbon  atoms e q u a l s  th e  number o f  unmarked
c a rb o n  atoms (19 and 19) and on t h e  b a s i s  o f  the  a l t e r n a n t
m ark ing  method t h i s  s h o u ld  e x i s t  a s  a  s t a b l e  h y d ro c a rb o n .
/
However i t  i s  n o t  p o s s i b l e  t o  w r i t e  even  one Kekule  s t r u c t u r e  
f o r  t h i s  m o l e c u l e , ' and w i t h  t h e  maximum number o f  doub le  
bonds  i t  a lw ays  has  two f r e e  v a l e n c i e s  w hich  canno t  be 
combined t o  form a c o n v e n t i o n a l  bond (XXIIa) .  T h e r e f o r e  t h i s  ^
i s  a m o le c u le  which  i s  p r e d i c a t e d  t o  be s t a b l e  by a l t e r n a n t
/  15,16
m a rk in g ,  y e t  f o r  w hich  no Kekule s t r u c t u r e s  can be drawn.-
L o n g u e t t - H i g g i n s  i n  h i s  p a p e r  d e a l i n g  w i t h  r e s o n a n c e  i n
u n s a t u r a t e d  a l t e r n a n t  h y d ro c a rb o n s  and i n  p a r t i c u l a r  t r i -  
Ua n g u l e n e ,  showed u s i n g  m o l e c u la r  o r b i t a l  t h e o r y  t h a t  t h e r e  
a r e  t h r e e  main c r i t e r i a  f o r  th e  bond ing  i n  a l t e r n a n t  h y d r o c a r b o n s .  
F i r s t l y . t h e r e  a r e  a l e a s t  (K-2T) m o l e c u l a r  o r b i t a l s  o f  z e ro  
e n e r g y ,  where IT i s  th e  number o f  ca rbon  atoms and T t h e  
maximum number o f  doub le  bonds  o c c u r i n g  i n  r e s o n a n c e  s t r u c t u r e .  
T h i s  i s  j u s t  th e  same as th e  number o f  ca rbon  atoms which  l a c k  
d oub le  bonds  i n  one o r  more o f  t h e  p r i n c i p a l  r e s o n a n c e  s t r u c t u r e s .
S econd ly ,  t h a t  t h e  e l e c t r o n s  t e n d  t o  be c o n f in e d  t o  t h o s e  
ca rb o n  atoms which l a c k  double  bonds  i n  one or  more o f  the  
p r i n c i p a l  r e s o n a n c e  s t r u c t u r e s .
T h i r d l y ,  i n  the  g round s t a t e  t h e r e  w i l l  be j u s t  one e l e c t r o n  i n  
eac h  z e r o  energy  m o l e c u la r  o r b i t a l  and i f  t h e r e  a r e  two or
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more such  e l e c t r o n s  t h e i r  s p i n s  w i l l  he p a r a l l e l .
The f i r s t  and l a s t  p o i n t s  a r e  v e r y  n e a t l y  p r e d i c t e d  by 
t h e  s i m p l e r  a l t e r n a n t  method.  O bv ious ly  i f  one c o n s i d e r s  
t h a t  th e  TC—e l e c t r o n s  o f  the  marked atoms a l l  have s p i n s  i n  
one o r i e n t a t i o n ,  and t h e  unmarked^with s p i n s  i n  th e  o p p o s i t e  
s e n s e ,  t h e n  i f  th e  s t r u c t u r e  has two more marked t h a n  unmarked 
c a rb o n  atoms t h e  e l e c t r o n s  on t h e s e  must have s p i n s  w i t h  th e  
same o r i e n t a t i o n  i . e .  p a r a l l e l  s p i n s .  Also  t h e  number o f  
f r e e  v a l e n c i e s  f o r  a p a r t i c u l a r  s t r u c t u r e  w i l l  s im ply  a r i s e  
from t h i s  d i f f e r e n c e  i n  t h e  number o f  marked and unmarked ca rbon  
a toms.
The second  p o i n t  w h ich  p r e d i c t s  where t h e  u n p a i r e d  e l e c t r o n s  
w i l l  most  l i k e l y  be found i s  n o t  shown by th e  a l t e r n a n t  marking 
method.  However an i n t u i t i v e  c o n s i d e r a t i o n  o f  t h e  r e l a t i v e  
s t a b i l i t y  o f  t h e  r e m a in in g  a r o m a t i c  p a r t  o f  t h e  molecule^when 
a p a r t i c u l a r  r a d i c a l  s t r u c t u r e  i s  c o n s i d e r e d ^ a l l o w s  one t o  chose 
t h e  most  l i k e l y  s t a b l e  r a d i c a l .  For  example p e r i n a p h t h e n e  
w i t h  i t s  a nnu lene  p e r i p h e r y  and t h e  e l e c t r o n  i n  t h e  c e n t r e ,  
a s  shown, seems to  be t h e  most l i k e l y  s t r u c t u r e  and th u s  
t h e  u n p a i r e d  e l e c t r o n  w i l l  be l o c a l i s e d  f o r  t h e  most p a r t  on 
t h i s  ca rb o n  atom.
The most i n t e r e s t i n g  f e a t u r e  o f  s t r u c t u r e  (XXIIa)  i s  t h e  
f a c t  t h a t  a l t h o u g h  t h e r e  i s  an even  number o f  marked and 
unmarked ca rbon  atoms,  no m a t t e r  how one c o n s t r u c t s  t h e
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maximum number o f  doub le  bonds  (XXIIa)  t h e r e  a r e  a lw ays  two 
e l e c t r o n s  w hich  canno t  be f o r m a l l y  bonded^and t h a t  t h e s e  
two e l e c t r o n s  from a l t e r n a n t  marking  have opposed s p i n s  (X X I l ) . 
T h i s  does  n o t  a g re e  w i t h  t h e  t h i r d  c r i t e r i o n  w hich  r e q u i r e d  
t h a t  t h e  r e m a in in g  non-bonded  e l e c t r o n s  would have p a r a l l e l  
s p i n s .  Thus i f  a v a l i d  compar ison  o f  t h e  s im ple  a l t e r n a n t  
m ark ing  method can be made w i t h  th e  more r i g o r o u s  c a l c u l a t i o n s  
o f  L o n g u e t t - H i g g i n s  t h e r e  must be a d i f f e r e n t  g round  s t a t e  
a r r a n g e m e n t .
T h i s  a l s o  means t h a t  i n  t h e  p a r t i c u l a r  s t r u c t u r e  ( X X I I l ) ,  
t h e  Tl— e l e c t r o n s  on o p p o s i t e  s i d e s  o f  t h e  midd le  r i n g  have 
opposed  s p i n s .  There i s  t h e  p o s s i b i l i t y  o f  f o r m a t i o n  o f  
a  Dewar-Tt-bond a c r o s s  t h e  middle r i n g  i n v o l v i n g  on ly  t h e s e
Q
Tl-e l e c t r o n s ,  w hich  would no t  v i o l a t e  t h e  P a u l i  p r i n c i p l e  
F o rm a t io n  o f  t h i s  bond would a l lo w  Kekule  s t r u c t u r e s  t o  be 
w r i t t e n  f o r  the  r e m a in d e r  o f  t h e  m o lecu le  (XXIV) and  t h i s  
s h o u ld  c o n f e r  s t a b i l i t y  t o  t h e  m o l e c u le .
I n  view o f  t h i s  e x c i t i n g  p o s s i b i l i t y ,  and in  an a t t e m p t  
t o  c l a r i f y  the  anomolous r e a c t i o n  o f  t h e  now p u r p l e  hydro ­
ca rbon  w i t h  rna le io  a n h y d r id e  d i s c u s s e d  i n  t h e  l a s t  c h a p t e r ,  
i t  was d e c i d e d  to  t r y  and s y n t h e s i s e  t h i s  ca rbon  s k e l e t o n  
unam biguous ly .
A p r e l i m i n a r y  m o l e c u l a r  o r b i t a l  c a l c u l a t i o n  has  a l s o  been  
c a r r i e d  ou t  by Mr. Howat o f  t h i s  d e p a r t m e n t  and in d e e d  does
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p r e d i c t  t h a t  t h e  m o le c u le  w i l l  e x i s t  i n  a s i n g l e t  g round  s t a t e .
T h i s  i s  e x t r e m e l y  g r a t i f y i n g  from b o t h  s t a n d p o i n t s  a s  i t  c o m p le te ly  
v i n d i c a t e s  t h e  a l t e r n a n t  mark ing  approach,  which, a l s o  p r e d i c t s  
a  s i n g l e t  s t a t e ,  and adds  t h e o r e t i c a l  s u p p o r t  t o  t h e  above 
a r g u e m e n t .
i f . ; ; ,  K y T i . v - S  t J  ■;
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E x p e r i m e n t a l  D i s c u s s i o n
The r e q u i r e d  s t r u c t u r e  ( X X I l /  i s  so c l o s e l y  r e l a t e d  t o  th e  
t r i a n g u l e n e  s k e l e t o n  t h a t  i t  seemed r e a s o n a b l e  t o  app ro ac h  th e  
s y n t h e s i s  i n  a s i m i l a r  manner t o  the  s u c c e s s f u l  r o u t e  used  
by C la r  and S te w a r t  i n  t h e i r  s y n t h e s i s  o f  t r i a n g u l e n e
J . 7.16
d e r i v a t i v e s .  In  o r d e r  t o  t r y  and s i m p l i f y  t h e i r  a p p ro a c h ,  t h e
g e n e r a l  methods  a d o p te d  by S c h o l l  and Meyer f o r  t h e  s y n t h e s i s
17
o f  5 > 6 i l2 ,1 3 * “<i ibensoperopyrene  (XXVIIi) were a l s o  u s e d .
16In  t h e i r  i n i t i a l  s t u d i e s ,  C la r  and S te w a r t  showed t h a t
r e a c t i o n  o f  o - to ly lm agnes ium brom ide  w i t h  p h t h a l i c  a n h y d r id e
18gave o n ly  s m a l l  amounts o f  th e  r e q u i r e d  d i - o - t o l y l p h t h a l i d e  ( i ) ,  
t h e  main p r o d u c t  b e i n g  d i - o - t o l y l b e n z e n e . R e d u c t io n  o f  t h e  
p h t h a l i d e  ( I )  w i t h  sodium amalgam and a l k a l i  gave  th e  r e q u i r e d  
a c i d  ( i l )  w hich  on f u r t h e r  o x i d a t i o n  gave t h e  t r i c a r b o x y l i c  
a c i d  ( I I I )  p l u s  a r e a r r a n g e m e n t  p r o d u c t  (XIV),  C y c l i s a t i o n  o f  
t h e  a c i d  ( i l l )  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  gave t h e  
r e q u i r e d  t r i k e t o n e  t r i a n g u l e n e  s k e l e t o n  ( I V ) .  However s m a l l  
y i e l d s  from th e  G r i g n a r d  r e a c t i o n  and t h e  u n f a v o u r a b l e  
r e a r r a n g e m e n t  d u r i n g  th e  o x i d a t i o n  d i s c o u r a g e d  f u r t h e r  work 
i n  t h i s  l i n e .
I n s t e a d  a much b e t t e r  s y n t h e t i c  r o u t e  s t a r t i n g  w i t h  t r i -
7
o - t o l y l c a r b i n o l  ( v )  was d e v i s e d .  o - T o l y l c h l o r i d e  r e a c t s  w i t h  
o - t o l y l l i t h i u m  y i e l d i n g  t r i - o - t o l y l c a r b i n o l ^  which  was 
p a r t i a l l y  o x i d i s e d  t o  th e  i n t e r m e d i a t e  p h t h a l i d e  ( V i ) .
F u r t h e r  o x i d a t i o n  n o t  on ly  gave t h e  r e q u i r e d  a c i d  ( X I I l )  b u t
(XXVIII)
CH CHCOH
R C
(I) (II)
H O ,C COH
Q.H
( I I I ) (IV)
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a l s o  gave a d i s p i r a n  p r o d u c t  (XIV) "by r e a r r a n g e m e n t ,  which
can n o t  he u s e d  i n  t h i s  s y n t h e s i s ,  h u t  which p roved  a v e r y
1Qu s e f u l  i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  o f  pu re  p e n t a p h e n e .
I n  o r d e r  to  c i rc u m v e n t  t h i s  p rob lem th e  s t a g e s  (V I I  -  XI) 
were  im plem ented  'which r e s u l t e d  i n  t h e  r e q u i r e d  t r i a n g u l e n e — 
q u in o n e .
I n  t h i s  work an a n a lo g o u s  r e a c t i o n  scheme was fo l l o w e d
s t a r t i n g  w i t h  2 , 5 - d i m e t h y l t e r e p h t h a l i c  a c i d  c h l o r i d e  (X V I l ) .
T h i s  i s  r e a d i l y  o b t a i n e d  by o x i d i s i n g  durene  (XV) w i t h  d i l u t e
20
n i t r i c  a c i d  which y i e l d s  m a in ly  2 , 5 - d i m e t h y l t e r e p h t h a l i c  a c i d
(X Vl) . R e f l u x i n g  th e  p u r i f i e d  a c i d  w i t h  t h i o n y l  c h l o r i d e
21
g i v e s  t h e  r e q u i r e d  c r y s t a l l i n e . a c i d  c h l o r i d e ,  which  r e a c t s  w i th
o - t o l y l l i t h i u m  t o  g iv e  t h e  new d i c a r b i n o l ,  d i - ( d i m e t h y l d i p h e n y l -
h y d r o x y m e t h y l ) - p - x y l e n e  (X V I I l ) .
I n  e a r l i e r  work,  a t t e m p t s  were made t o  re d u c e  t r i - o -
22
t o l y l c a r b i n o l  (V) t o  th e  known t r i - o - t o l y m e t h a n e  (XIX)
u s i n g  hydrogen  i o d i d e  and a c e t i c  a c i d ,  i n  th e  hope t h a t  t h i s
compound b e i n g  l e s s  s t e r i c a l l y  h i n d e r e d  migh t  p rove  e a s i e r
t o  c y c l i s e .  However an  u n fa v o u r a b l e  c y c l i s a t i o n  t o o k  p l a c e
b e f o r e  r e d u c t i o n ,  r e s u l t i n g  i n  t h e  f l u o r e n e  d e r i v a t i v e  (XX),
23
p r e v i o u s l y  i s o l a t e d  by T h e i l a c k e r  and V/essel—Ewald on t r e a t m e n t  
o f  t h e  c a r b i n o l  w i t h  h y d r o c h l o r i c  a c i d  and s u l p h u r i c  a c i d  i n  
m e th a n o l .  T h e r e f o r e  a t t e m p t s  t o  r ed u ce  th e  d i c a r b i n o l  (XVIIl)  
t o  t h e  c o r r e s p o n d i n g  hydroca rbon  were n o t  p u r s u e d .
Q -O — 0 ^ 0 = 0
0 - 0 - 0
(XVIIl)
(XX)
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i riw d.Lu^rbinol  c o u ld  nod os induceci do p a r t i a l l y  c y c l i s e ^  e i t h e r
by s p l i t t i n g  oud o f  two m o le c u le s  o f  wader v/hen headed t o  
o
450  and t h e n  s u b l im in g  dhe p roducd ,  o r  on h e a t i n g  w i t h
c o n c e n t r a t e d  s u l p h u r i c  a c i d .  I n  b o t h  c a s e s  the  d i c a r b i n o l
r e m a in e d  unchanged o r  a t  h i g h e r  t e m p e r a t u r e s  w i t h  s u l p h u r i c  a c i d
gave s u lp h o n ad ed  p r o d u c t .
As m e n t ioned  dhe main problem e n c o u n t e r e d  by C la r  and
S t e w a r t  i n v o l v e d  the  d i r e c t  o x i d a t i o n  o f  th e  i n t e r m e d i a t e s
19(VI and I I ) .  The u n u s u a l  r e a r r a n g e m e n t  t o  th e  d i s p i r a n  (XIV)
r e s u l t e d  i n  only  s m a l l  y i e l d s  o f  th e  r e q u i r e d  a c i d  ( i l l ,  X I I l )
and n e c e s s i t a t e d  t h e  e x t r a  s t a g e s  (71 t o  X I ) . The d i c a r b i n o l
was t h e r e f o r e  o x i d i s e d  w i t h  d i l u t e d  n i t r i c  a c i d  u n d e r  p r e s s u r e
a t  2 1 0 ° , t o  see i f  a  s i m i l a r  double  r e a r r a n g e m e n t  would occu r
w i t h  f o r m a t i o n  o f  t h e  double  d i s p i r a n  (X Xl) . The c r y s t a l l i n e
p r o d u c t  from t h i s  r e a c t i o n  gave a n a l y s i s  f i g u r e s  w hich  f i t t e d
a m o le c u le  w i t h  t h e  fo rm u la  C . H 0 . T h i s  does  n o t
3g 20 12
accommodate t h e  double  d i s p i r a n  fo rm u la  o f  C H 0 b u t
38 18 10
f i t s  t h e  normal o x i d a t i o n  p r o d u c t ,  d i - 2 , 5 ~ ( d i p h e n y l - o ,
o ’ —c a r b o x y h y d ro x y m e th y l )—t e r e p h t h a l i c  a c i d  l a c t o n e  (X X I l ) .
The i n f r a - r e d  spec t rum  o f  t h e  c a rb o n y l  r e g i o n  shows two ca rb o n y l
-I
a b s o r p t i o n s  a t  17&0 and 1720cm which c o r r e s p o n d  t o  an 
u n s a t u r a t e d  - l a c t o n e  and an a r y l  c a r b o x y l i c  a c i d  g roup 
r e s p e c t i v e l y ^  Th i s  i n f r a - r e d  ev id en ce  would i i t  b o th  s t r u c t u r e s  
(XXII, XXI) b u t  t h e  ev id en ce  from f u r t h e r  r e d u c t i o n  s u p p o r t s
»=o
0 0 ^
(IrIX
X
) 
(IIX
X
) 
(TTTAY
)
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t h e  no rm al  o x i d a t i o n  p r o d u c t  (X X I l ) .
The d i l a c t o n e t e t r a c a r D o x y l i e  a c i d  was r ed u ce d  t o  th e
h e x a c a r b o x y l i c  a c i d  (XXII l)  by p r o lo n g e d  t r e a t m e n t  w i t h  z i n c
d u s t  and  aqueous  a l c o h o l i c  p o t a s s iu m  h y d r o x id e .  The l i g h t
brown powder a n a l y s e d  f o r  a molecu le  w i t h  th e  fo rm u la  C 0
38 26 12
and t h e  i n f r a - r e d  spec t rum  showed a s i n g l e  b r o a d  c a rb o n y l
•I
a b s o r p t i o n  a t  1710  crn which  i n d i c a t e s  on ly  f r e e  c a r b o x y l i c  
a c i d  g ro u p s  b e i n g  p r e s e n t  in  th e  m o le c u le .  Th is  ev id e n c e  a lso ,  
r u l e s  ou t  t h e  doub le  d i s p i r a n  s t r u c t u r e  f o r  two r e a s o n s .
F i r s t l y  a s i m i l a r  t r e a t m e n t  o f  th e  d i s p i r a n  (XIV) w i t h  z i n c  
d u s t  and a l c o h o l i c  p o t a s s iu m  hydrox ide  y i e l d s  (XXIV) which  
s t i l l  c o n t a i n s  two u n s a t u r a t e d  ^  - l a c t o n e  m o i t i e s  and would 
be r e c o g n i s e d  from t h e  i n f r a - r e d  spec t rum .  Th i s  would  a l s o  
be t h e  ca se  f o r  (XXI ) t o  ( XXV ) .  Secondly  even  i f  t o t a l  
r e d u c t i o n  o f  t h e  doub le  d i s p i r a n  were a c h i e v e d  t h e  r e s u l t i n g  
p r o d u c t  (XXVl) would  c o n t a i n  too  few oxygen atoms t o  f i t  t h e  
found  a n a l y s i s  f i g u r e s .
17 ,
I n  t h e  r e a c t i o n  sequence  o f  S c h o l l  and Meyers work t h e r e  was 
no p o s s i b i l i t y  o f  an  o x i d a t i v e  r e a r r a n g e m e n t  and t h e  d i l a c t o n e  
( XXVII) was o x i d i s e d  smoothly  i n  a l k a l i n e  p o t a s s iu m  permanganate  
to  t h e  h e x a c a r b o x y l i c  a c i d  (XXIX)^ w hich  l a c t o n i s e d  r e a d i l y  t o  
th e  s t r u c t u r e  ( XXX ) .  Subsequent  r e d u c t i o n  w i t h  h y d r i o d i c  
a c i d ,  r e d  p h o s p h o ru s  and a c e t i c  a c i d  y i e l d e d  t h e  r e q u i r e d  
rneso—d i p h e n y l a n t h r a c e n e  h e x a c a r b o x y l i c  a c i d  (XXXl).
(XIV) a
(XXIV)
CH COH
CH HOC OH
H O
K C COHHOC
(XXVII)
(XXIX)
cqn
COSH
.c=o■ c q h COHHOC
COH COHHOC
COH OH
(XXX)
(XXXI)
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I n  ou r  case  t h e  o v e r a l l  y i e l d  o f  th e  h e x a c a r b o x y l i c  a c i d  
was low, m a in ly  b e c a u s e  th e  d i c a r b i n o l  cou ld  on ly  be o x i d i s e d  # 
i n  s m a l l  amounts i n  t h e  s e a l e d  g l a s s  t u b e s .  'Therefore a t t e m p t s  
were made t o  improve th e  y i e l d ?by f i r s t l y  o x i d i s i n g  th e  d i c a r b i n o l  
u n d e r  normal r e f l u x  w i t h  d i l u t e  n i t r i c  a c i d  and few mis .  o f  
n i t r o b e n z e n e ,  T h e _a l k a l i n e  e x t r a c t  was t h e n  f u r t h e r  o x i d i s e d  
w i t h  e x c e s s  p o t a s s iu m  perm angana te .  However a  homogeneous p r o d u c t  
was n o t  obta ined ,  and the  p a l e  brown s o l i d  p ro d u c t  formed a gum 
even  when d r i e d  a t  100° .  A f t e r  r e c r y s t a l l i s a t i o n  from a c e t i c  
a c i d  a s a t i s f a c t o r y  a n a l y s i s  cou ld  no t  be o b t a i n e d  i n d i c a t i n g  
t h e  p r e s e n c e  of  n i t r o g e n  and too  much hydrogen .  The i n f r a ­
r e d  sp e c t ru m  d id  no t  show t h e  c h a r a c t e r i s t i c  symmetric
-I
d e f o r m a t i o n  bands  o f  th e  methyl  g roups  a t  1380  cm i n d i c a t i n g  
t h a t  t h e  m e thy l  g ro u p s  had been  o x i d i s e d  and t h e  two c a rb o n y l  
a b s o r p t i o n s  a l t h o u g h  much b r o a d e r  t h a n  i n  the  p r o d u c t  from 
d i r e c t  n i t r i c  a c i d  o x i d a t i o n  were r e c o g n i s a b l e .  However 
r e d u c t i o n  o f  t h i s  p r o d u c t  was n o t  s a t i s f a c t o r y  and t h i s  method 
o f  o x i d a t i o n  was abandoned .
In  a n a l o g y  w i t h  S c h o l l  and Meyers work and from t h e  t r i a n g u l e n e  
s y n t h e s i s  i t  was hoped t h a t  c y c l i s a t i o n  o f  the  h e x a c a r b o x y l i c  
a c i d  would  occur  s m oo th ly .  However t r e a t m e n t  o f  th e  a c i d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  gave a r e d d i s h  brown s o l i d  a t  
t e m p e r a t u r e s  l e s s  t h a n  120   ^ o r  a much d a r k e r  p r o d u c t  a t  h ig h e r  
t e m p e r a t u r e s  which  r e a d i l y  d i s s o l v e d  i n  ho t  w a t e r  and was
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s u l p h o n a t e d  p r o d u c t .  A s a t i s f a c t o r y  a n a l y s i s  f o r  t h e  n o n -
s u l p h o n a t e d  p r o d u c t  was n o t  o b t a i n e d  b u t  was assumed to  have
p a r t i a l l y  c y c l i s e d  from changes  in  t h e  i n f r a - r e d  f i n g e r p r i n t
s p e c t r u m .  T h i s  was d i s a p p o i n t i n g  i n  view o f  the  f a c t  t h a t  S c h o l l
and Meyer cou ld  even  c o n t r o l  th e  e x t e n t  o f  c y c l i s a t i o n  o f  t h e i r
c a r b o x y l i c  a c i d  d e r i v a t i v e  (XXXI^ m ere ly  by a l t e r i n g  the  s u l p h u r i c
a c i d  c o n c e n t r a t i o n ^ t o  th e  s t r u c t u r e s  (XXVII, XXXIIl)^and cou ld
a c h i e v e  comple te  c y c l i s a t i o n  t o  the  p r o d u c t  (XXXIV) by
t r e a t m e n t  o f  the  i n t e r m e d i a t e  (XXVIIl) w i t h  p y ro p h o s p h o r i c  a c i d
17and p h o s p h o ru s  p e n t o x i d e  a t  35 0°»
I n  o u r  work t h i s  l a t t e r  p r o c e s s  o n ly  r e s u l t e d  i n  c h a r r e d
p r o d u c t  when a p p l i e d  t o  th e  p a r t l y  c y c l i s e d  a c i d ^ o r  when a p p l i e d
d i r e c t l y  t o  th e  h e x a c a r b o x y l i c  a c i d  ( X X I I l ) .  Under l e s s  v i g o r o u s
c o n d i t i o n s  however u s i n g  p o ly p h o s p h o r i c  a c i d  a l o n e ,  a p r o d u c t
w h ich  a p p e a r e d  t o  be p a r t i a l l y  c y c l i s e d  was o b t a i n e d .
A l th o u g h  t h e i r  s t r u c t u r e s  were unknown, t h e  p r o d u c t s  from th e s e
two c y c l i s a t i o n  a t t e m p t s  were r e d u c e d  w i t h  hydrogen  i o d i d e  and
7r e d  phosphorui 'S- un d e r  p r e s s u r e .  T h i s  was hoped t o  cause  
r e d u c t i o n  and f u r t h e r  c y c l i s a t i o n  o f  the  m olecu le  i n  a manner 
s i m i l a r  t o  t h e  r e a c t i o n  s t a g e s  from S c h o l l  and Meyers work a s  
shown ( XXXIII -  XXXV -  XXXVI -  XXXVII). In  t h e i r  c a s e ,  comple te  
c y c l i s a t i o n  and r e d u c t i o n  t o  t h e  t e t r a h y d r o d i c a r b o x y l i c  a c i d  
d e r i v a t i v e  (XXXVII) was a c h i e v e d  from t h e  p a r t i a l l y  c y c l i s e d  
i n t e r m e d i a t e  (XXXIIl)  i n  one r e a c t i o n  s t e p  v i a  t h e  n o n - i s o l a t e d
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i n t e r m e d i a t e s  (XXXV and XXXVI) .  The e x t r a c t s  from t h i s  r e a c t i o n  
a f t e r  ch rom a tography  d i d  n o t  c r y s t a l l i s e  and t h e  U.V. spec t rum  
i n d i c a t e d  m a in ly  a benzene d e r i v a t i v e  w i t h  ev idence  o f  a n t h r a c e n e  
and p e n t a p h e n e  d e r i v a t i v e s .  Botn p r o d u c t s  had s i m i l a r  U.V. 
s p e c t r a  b u t  n e i t h e r  c o u ld  be a t t r i b u t e d  to  a s p e c i f i c  i so m e r .
These  p r o d u c t s  were t h e r e f o r e  h e a t e d  w i t h  copper  powder 
a t  450°C and sub l im ed  t o  see i f  d e h y d ro g e n a t io n  o r  f u r t h e r  
c y c l i s a t i o n  would  t a k e  p l a c e .  The U.V. spec trum d i d  i n d i c a t e  . 
an i n c r e a s e  i n  t h e  r e l a t i v e  amounts o f  a n t h r a c e n e  and pen taphene  
d e r i v a t i v e s  b u t  was s t i l l  a complex m i x t u r e .  On one o c c a s i o n ,  
however ,  t h e  t r i c h l o r o b e n z e n e  e x t r a c t  o f  t h e  s u b l i m a t i o n  . 
p r o d u c t  d i d  y i e l d  a t i n y  amount o f  r e d  c r y s t a l l i n e  p r o d u c t  
w hich  on r e d i s s o l v i n g  i n  p u re  t r i c h l o r o b e n z e n e  gave t h e  spec t rum 
o f  a  s u b s t i t u t e d  a n t h r a c e n e  w i t h  rem a rkab ly  sharp  i n t e n s e  p-bands 
a t  3910,  3710 and 3520$.  The p-bands  cou ld  no t  be r e c o r d e d  
a s  t h e  p r o d u c t  was v i r t u a l l y  i n s o l u b l e  i n  a l c o h o l ,  cyclohbxane,- 
o r  even  b e n z e n e .  The s h a rp n e s s  o f  th e  p-bands and th e  s p a r i n g  
s o l u b i l i t y  i n d i c a t e d  a condensed hydrocarbon  o f  h ig h  m o l e c u la r  
w e ig h t  b u t  t h i s  p r o d u c t  cou ld  not  be o b t a i n e d  a g a i n  and no 
f u r t h e r  p h y s i c a l  t e s t s  were p o s s i b l e .
A p a r t  from t h i s ,  a l l  f u r t h e r  s u b l i m a t e s  were m i x t u r e s  which  
c o u ld  n o t  be s a t i s f a c t o r i l y  s e p a r a t e d  by ch rom a tog raphy .
F u r t h e r  d e h y d r o g e n a t io n  of  t h e s e  s u b l i m a t e s  was a t t e m p t e d
2 5  • • ,u s i n g  g r a n u l a t e d  p a l l a d i u m  c h a r c o a l .  T h i s  r e s u l t e d  s u p r i s m g l y ,
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i n  t h e  i o r m a u io n  o f  samples  o f  pu re  a n t h r a c e n e  r e a d i l y  r e c o g n i s e d
troin th e  U.V. s p ec t ru m  and mixed m e l t i n g  p o i n t  w i t h  a p u re  
26
sam ple .  C y c l i s a t i o n  and r e d u c t i o n  had t a k e n  p l a c e  h u t  w i t h  
c l e a v a g e  o f  t h e  m o l e c u le .  A l l  t h e  o t h e r  p r o d u c t s  from t h e s e  
d e h y d r o g e n a t i o n s ,  a s  e x p e r i e n c e d  th r o u g h o u t  t h e s e  l a t t e r  s t a g e s ,  
were i n s e p a r a b l e  m i x t u r e s  which  cou ld  n o t  be induced  to  c r y s t a l l i s e .  
T .L .C .  p l a t e s  o f  t h e s e  samples  i n  v a r i o u s  s o l v e n t  m i x t u r e s  i n d i c a t e d  
more t h a n  f i f t e e n  s p o t s .
A l th o u g h  t h e r e  i s  e v id e n c e  from t h e  f o r m a t io n  o f  an th ra cen e ,  
t h a t  p a r t i a l  c y c l i s a t i o n  has  t a k e n  p l a c e  t h e r e  i s  o n ly  v e r y  
t e n t a t i v e  p r o o f  from t h e  sm al l  amount o f  r e d  p r o d u c t  t o  i n d i c a t e  
a n y t h i n g  a p p r o a c h in g  complete c y c l i s a t i o n  to  t h e  r e q u i r e d  s t r u c t u r e .  
T h i s  was n a t u r a l l y  d i s a p p o i n t i n g  e s p e c i a l l y  i n  v i e w . o f  th e  com­
p a r a t i v e  e a s e  o f  c y c l i s a t i o n  i n  the  s y n t h e s i s  m en t ioned .
However t h e  i n t e r m e d i a t e  h e x a c a r b o x y l i c  a c i d  does  r e q u i r e  s i x  
c y c l i s a t i o n s  t o  p roduce  t h e  r e q u i r e d  s k e l e t o n  and t h i s  may be 
a s k i n g  t o o  much, e s p e c i a l l y  when th e  f i v e  ca rboxypheny l  g ro u p s  
a r e  a t t a c h e d  o n ly  by s i n g l e  bonds  which  a l low  them t o  a d o p t  out  
o f  p l a n e  c o n f o r m a t io n s  t o  r e l i e v e  s t e r i c  h i n d r a n c e ^ b u t  which  
would  r e d u c e  t h e  p o s s i b i l i t i e s  o f  c y c l i s a t i o n .
2 , 5 - U i n o t h y l t e r e p h t h a l i c  a c i d .  (XVI).
T h i s  v;as p r e p a r e d  by d i l u t e  n i t r i c  a c i d  o x i d a t i o n  o f  du rene
f o l l o w i n g  t h e  g e n e r a l  method o f  S ch ap au f f  and th e  crude  a c i d
m i x t u r e  was p u r i f i e d  by r e f l u x i n g  w i t h  g l a c i a l  a c e t i c  a c i d  which
removed t h e  more s o l u b l e  i som er ,  4 j 6 - d i m e t h y l i s o p h t u a l i c  a c i d .
The h o t  a c e t i c  a c i d  s l u r r y  was f i l t e r e d ,  t h e  r e s i d u e  washed
w i t h  w a t e r  and d r i e d ,  g i v i n g  a w h i te  powder which sub l im ed
2 0
b e f o r e  m e l t i n g  a t  300-340°  ( L i t .  330-350° s u b l i m e s . )
2 , 5 ~ £ i n i e t h y l t e r e p h t h a l y l  c h l o r i d e  ( X V I l ) .
T h i s  had  been  p r e p a r e d  i n  a pu re  s t a t e  p r e v i o u s l y  by de
D ie s b a c h  on t r e a t m e n t  o f  t h e  pure  a c i d  w i t h  phosphorus  p e n t a c h l o r i d e .  
o 21m . p t .  116 . The above a c i d  was r e f l u x e d  w i t h  e x c e s s  t h i o n y l .  
c h l o r i d e  and  a few d ro p s  o f  p y r i d i n e  f o r  two h o u r s .  A f t e r  
d i s t i l l a t i o n  o f  e x c e s s  t h i o n y l  c h l o r i d e ,  t h e  s o l i d  r e s i d u e  was 
r e c r y s t a l l i s e d  from l i g h t  p e t r o l  (6 0 - 8 0 °)  t w i c e ,  g i v i n g  long  
c o l o u r l e s s  p r i s m s ,  rn .p t .  ( 108 - 112° ) .
D i - ( d i me t h y l d i p h e n y l h y d r o x y m e t h y l ) - p - x y l e n e  ( X V I I l ) .
F i n e l y  c u t  l i t h i u m  ( 8gm.) was added t o  dry  e t h e r  ( 500m l . )  
u n d e r  a n i t r o g e n  atmosphere,- c o n t a i n e d  i n  a t h r e e —necked  i l a s k  
f i t t e d  w i t h  a mercury  s e a l e d  s t i r r e r ,  r e f l u x  condense r  and a 
p r e s s u r e  e q u a l i s i n g  d ropp ing  f u n n e l .  A s o l u t i o n  o f  0-bromo— 
t o l u e n e  (95Sm») d ry  e t h e r  ( 50m l . )  was added over  15 m in u te s
121.
and t h e  r e s u l t i n g  m ix tu r e  s t i r r e d  f o r  f o u r  h o u r s ,  u n t i l  most o f  
t h e  l i t h i u m  had  d i s s o l v e d .  The a c i d  c h l o r i d e ( X V I l )  ( l ?g m .)  in  
e t  h e r  ( 100m l . )  was added dr  op .vise t o  th e  d a rk  brown s o l u t i o n ,
A v i g o r o u s  r e a c t i o n  ensued  and t h e  s o l u t i o n  became d a r k  r e d .
The m i x t u r e  was a l lo w e d  t o  r e f l u x  g e n t l y  f o r  a f u r t h e r  h o u r .
The b ro .v n - re d  s o l u t i o n  was f i l t e r e d  th ro u g h  a g l a s s  wool p lu g  
t o  remove u n r e a c t e d  l i t h i u m .  The f i l t e r e d  s o l u t i o n  was h y d r o ly s e d  
w i t h  a m i x t u r e  o f  i c e  and d i l u t e  a c e t i c  a c i d  and th e  e t h e r  l a y e r  
washed w i t h  w a t e r  and d r i e d  w i th  sodium s u l p h a t e  ( a n h y d r o u s ) .  
E v a p o r a t i o n  o f  th e  e t h e r  l e f t  a l i g h t  brown gum which  on t r i t u r a t i o n  
w i t h  l i g h t  p e t r o l  ( 0 O-8O0) f u r n i s h e d  a w h i t e  powder (9gm .) .  
R e c r y s t a l l i s a t i o n  from l i g h t  p e t r o l  ( 100 - 120° )  o r  b e n z e n e ,  
y i e l d e d  c o l o u r l e s s  p r i s m s  m .p t ,  249 - 251° which  gave  a deep 
magenta s o l u t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
Found C=86.39/^j 2=7*38$
C H 0 r e q u i r e s  C=8 6 . 66fc, E=7*28^
38 38 2
A t te m p ted  d e h y d r a t i o n  o f  t h e  d i o l .
a )  The d i o l  (0 .2gra .)  was h e a t e d  u n t i l  i t  m e l ted  and t h e n  
more s t r o n g l y  u n d e r  p a r t i a l  vacuum. Bubbling  o c c u r r e d ,  however 
no e v o l u t i o n  o f  m o i s t u r e  was observed  and a y e l lo w —orange  gum 
s ub l im ed  and  s o l i d i f i e d  a s  a g l a s s .  R e c r y s t a l l i s a t i o n  irom 
l i g h t  p e t r o l  ( 1 00 - 120° )  or  benzene  gave an o ra n g e -y e l lo w  powder 
m .p t .  2 4 5 - 2 4 0 ° w hich  d i s s o l v e d  i n  c o n c e n t r a t e d
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s u l p h u r i c  a c i d  g i v i n g  a deep magenta s o l u t i o n .
Found C=b6.77^,  H=7 . 37f,
C H O r e q u i r e s  C=8 6 . 66£ ,  H=7.28^
38 38 2
Ho change  i n  t h e  U.V. spec trum was obse rved  t o  acc o u n t  f o r  t h e
orange  c o l o u r .
b)  The d i o l  (0 ,2 g m .)  was d i s s o l v e d  i n  15ml. o f  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  and  th e  deep magenta s o l u t i o n  warmed f o r  15 
m i n u t e s .  The s o l u t i o n  was c a u t i o u s l y  p ou red  i n t o  w a t e r  and 
th e  brown p r e c i p i t a t e  f i l t e r e d  and washed w i th  h o t  w a t e r  and 
d i l u t e  ammonia. The s o l i d  was e x t r a c t e d  w i t h  benze ne ,  r e c r y s t a l l  
i s e d  from b enze ne  and l i g h t  p e t r o l  ( 100 - 120°)  g i v i n g  a p a l e  
brown powder  m . p t .  2 3 5 - 245°*
Found 0=86.36^1, H=7.37^
C H O r e q u i r e s  C=8 6 . 66fo, H=7.28$&
38  38  2
D i - 2 , 5 - ( d i p h e n y l - p «(S-carboxryhydroxyme t h y l ) - t e r e p h t h a l i c  a c i d ,  
l a c t o n e  (XXIl) .
The d i o l  ( lg m . )  and 20^ n i t r i c  a c i d  (20ral . )  were h e a t e d  
t o g e t h e r  i n  a s e a l e d  tube  a t  210° f o r  16 h o u r s .  The m ix tu re  
was d i l u t e d  w i t h  w a t e r  and th e  y e l l o w - g r e e n  amorphous s o l i d  
f i l t e r e d ,  washed t h o r o u g h l y  w i t h  w a t e ^ d r i e d  and powdered (0 . 65gm 
R e c r y s t a l l i s a t i o n  o f  t h e  a c i d  p roved  v e r y  d i f f i c u l t ,  however by
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d i s s o l v i n g  i n  t h e  minimum o f  an  a c e t i c  a c i d —w a te r  m ix tu re  th e  
a c i d  c o u l d  he p r e c i p i t a t e d  as  a v/hi te  f l o c c u l e n t  powder ,  rn .o t .  
220-225 ( i t  became honey c o lo u re d  from 190 u n t i l  i t  m e l ted )
=1720 crn" ^ 0= 1780  cm^  The a c i d  d i s s o l v e d  i n  con­
c e n t r a t e d  s u l p h u r i c  a c i d  g i v i n g  a honey c o l o u re d  s o l u t i o n .
Found 0=68.04/7, H=3.28^
C H 0 r e q u i r e s  0=67.73%  H=3.14^
38 22 12
D i - 2 , 5 ~ ( d i p h e n y l - o ,  o f -> carho,  ; / h y d r o x y m e t h y l ) - t e r e p h t h a l i c  a c i d  
( X X I I I ) .
The above  a c i d - l a c t o n e  (0.6gm ) was d i s s o l v e d  in  a s o l u t i o n
o f  20 t^ e t h a n o l i c  p o t a s s i u m  hydrox ide  ( 8m l . )  and a few m is .  o f  
w a t e r  were added .  Z inc  d u s t  (2 .5gm .)  a c t i v a t e d  w i t h  copper  
s u l p h a t e  c r y s t a l s  was added  i n  p o r t i o n s  to  the  r e f l u x i n g  s o l u t i o n  
and t h e  i n i t i a l  g r e e n  c o l o u r  became r e d d i s h - b r o w n .  A f t e r  96 hou rs  
th e  m i x t u r e  was c o o l e d ,  d i l u t e d  w i t h  w a t e r  ( lG mi .)  and f i l t e r e d  
t w i c e  t o  remove z i n c  d u s t .  The brown s o l u t i o n  was b o i l e d  t o  remove 
th e  a l c o h o l  and a c i d i f i e d  ho t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  
The g e l a t i n o u s  p r e c i p i t a t e  was b o i l e d ,  f i l t e r e d ,  washed w i t h  a 
l i t t l e  w a t e r  and d r i e d  ( l8 0 in g . ) .  As e x p e r i e n c e d  w i t h  t h e  a c i d -  
l a c t o n e  r e c r y s t a l l i s a t i o n  p roved  d i f f i c u l t ,  however by d i s s o l v i n g  
th e  s o l i d  i n  t h e  minimum o f  a c e t i c  anhyd r ide  ana  add ing  e x c e s s  
x y l e n e ,  c o n c e n t r a t i o n  o f  t h i s  s o l u t i o n  f u r n i s h e d  a l i g h t  brown 
powder m . p t .  1 9 5 - 205°. V 1710 cm (broad)
124.
The a c i d  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  fo rm ing  a 
brown s o l u t i o n .
Found 0=67 .6 ^ 0, H=3 . 94#
C H 0 r e q u i r e s  0=67.65^,  H=3.86fj 
38 26 12
A tte m p ted  c y c l i s a t i o n  o f  th e  h e x a c a r b o x y l i c  a c i d  (XXII l)  w i t h  
s u l p h u r i c  a c i d  and r e d u c t i o n  o f  th e  p r o d u c t  u s in g  r e d  phosphorus  
and hyd rogen  i o d i d e  ( 55$ ) .
The a c i d ( o . 5 g m . ) was h e a t e d  t o  150° w i t h  c o n c e n t r a t e d  s u l p h u r i c  
a c i d ( l 5m l . )  f o r  a few m in u te s  and t h e  i n i t i a l  brown s o l u t i o n  
became d a rk  g r e e n .  The m ix tu re  was c o o le d  and a few d rops  o f  w a te r  
were added c a u t i o u s l y  fo rming  a r e d d i s h  p u r p l e  p r e c i p i t a t e .
F u r t h e r  w a t e r  com ple ted  t h e  p r e c i p i t a t i o n  and th e  s o l i d  was 
f i l t e r e d ,  washed th o r o u g h l y  w i t h  hot  w a t e r  and d r i e d  (0 . 36gm.)
The c a r b o n y l  r e g i o n  o f  t h e  I . E .  spec t rum  was much re d u c e d ,  a l t h o u g h  
t h e r e  was s t i l l  an a b s o r p t i o n  a t  1710 cm. T h i s  p r o d u c t  (0 .3gm .)  
was powdered  w i t h  r e d  phospho rus  ( 0 . 32g m .) ,  hydrogen  io d i d e  
( 3ml, d=1 . 7 ) an l  p o t a s s i u m  i o d i d e  ( 0 . 15gm.) and h e a t e d  a t  
210° f o r  16 h o u r s  i n  a s e a l e d  t u b e .  The c o n t e n t s  o f  th e  tube  
were d i l u t e d  w i t n  w a t e r  and the  s o l i d  f i l t e r e d  o f f  from the  dark  
brown mother  l i q u o r .  P r e l i m i n a r y  U.V. s p e c t r a  i n d i c a t e d  s u b s t i t u t e d  
benzene  d e r i v a t i v e s , w i t h  weak bands  a t  3500° anc  ^ 4 7 0 0 ° .  The 
o r g a n i c  p r o d u c t  was d i s s o l v e d  i n  x y l e n e ,  f i l t e r e d  d r i e d  and the  
. c o n c e n t r a t e d  s o l u t i o n  was ch rom atographed  th ro u g h  a s h o r t  column
125.
o f  Grade I  a lum ina  t o  remove t h e  d i r t .  The U.V. spec t rum  o f  the  
f i v e  f r a c t i o n s  were a lm o s t  i d e n t i c a l  w i t h  enhancement o f  t h e  hands  
a t  3570 and 4 7 0 o£.  C o n c e n t r a t i o n  o f  the  s o l u t i o n s  f a i l e d  t o  
y i e l d  any  c r y s t a l l i n e  p r o d u c t  and th e  b u lk e d  s o l u t i o n  "was t a k e n  to  
d r y n e s s .
A t te m p te d  d e h y d r o g e n a t i o n  u s in g  copper  powder.
The n o n - c r y s t a l l i n e  gum from th e  abbve r e a c t i o n  (0 .2gm .)
was mixed w i t h  copper  powder ( 0 . 8gm.) and h e a t e d  u nde r  ca rb o n
d i o x i d e  a t  400°  f o r  one h o u r .  The t e m p e r a t u r e  was r e d u c e d  and
oa good vacuum was a p p l i e d  t o  t h e  sy s tem .  At 290 a ye l lov;  gum
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s u b l im e d  f o l l o w e d  a t  410  ( 3x 10 ra.m.) by a d a rk  r e d d i s h - b r o w n  
p r o d u c t .  The t e m p e r a t u r e  was r a i s e d  t o  500° b u t  no f u r t h e r  s u b l im a te  
was o b s - r v e d .  The tu be  was e x t r a c t e d  w i t h  cyc lohexane  x y le n e  
and t r i c h l o r o b e n z e n e .  The U.V. s p e c t r a  o f  t h e  two fo rm er  e x t r a c t s  
were a lm o s t  i d e n t i c a l  to  th e  s p e c t r a  o f  th e  s t a r t i n g  m a t e r i a l .
Sharp b an d s  a t  3700  and 3910° w hich  were f a i n t l y  v i s i b l e  i n  th e  
x y l e n e  spec t rum  were more i n t e n s e  i n  t h e  t r i c h l o r o b e n z e n e  e x t r a c t .
The s o l u t i o n  c o n t a i n e d  a v e r y  sm a l l  amount o f  b r i g h t  r e d  p a r t i c l e s  
w h ich  were  f i l t e r e d ,  washed w i t h  benzene  and r e d i s s o l v e d  i n  p u re  
t r i c h l o r o b e n z e n e .  The U.V. spec t rum  showed c l e a r l y  an a n t h r a c e n e  
d e r i v a t i v e  w i t h  e x t r e m e l y  sha rp  bands  a t  3 9 1 0 , 3710  and 352o£.
The low s o l u b i l i t y  o f  t h i s  p r o d u c t ,  ( ^ - b a n d s  co u ld  nob be 
o b s e r v e d  i n  benzene  o r  c y c l o h e x a n e , a l t h o u g h  i n  x y le n e  the  p - b a n d s  
were  o b s e rv e d  a 3&7 0 9 3^70  and 347o£)> i n f e r s  a r e a s o n a b l y  h igh
m o l e c u l a r  w e ig h t  compound b u t  s i n c e  on ly  t h i s  s m a l l  amount was 
o b t a i n e d  no f u r t a e r  p h y s i c a l  measurements  cou ld  be made. S e v e r a l  
r e p i t i t i o n s  of  th e  above p r o c e d u r e  f a i l e d  t o  p roduce  any mors 
o f  t h i s  p r o d u c t .
A t t e m p te d  d e h y d r o g e n a t io n  u s i n g  p a l l a d i u m  c h a r c o a l ( g r a n u l a r )
The m i x tu r e  o f  s u b l i m a t e s  o b t a i n e d  s i f t e r  h e a t i n g  (0 .5g ta . )
o f  p a r t i a l l y  r e d u c e d  c y c l i s e d  b e x a c a r b o x y l i c  a c i d  w i t h  copper
powder a s  d e s c r i b e d  above ,  was e x t r a c t e d  from t h e  s u b l i m a t i o n
t u b e  w i t h  r e f l u x i n g  x y l e n e .  The x y le n e  -was d i s t i l l e d  o f f  and
t h e  r e m a i n i n g  gum was sub lim ed  onto  s e v e r a l  grams o f  g r a n u l a r
p a l l a d i u m  c h a r c o a l  ( 20>S) h e a t e d  t o  350° .  A f t e r  30 m in u te s  t h e
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p r o d u c t  was sub l im ed  from th e  c a t a l y s t  ( 3x 10 m.nw Hg.)  g i v i n g  
t h r e e  b a n d s .  The i n i t i a l  s u b l i m a t e ,  a  w h i t e  c r y s t a l l i n e  s o l i d  
was r e a d i l y  s o l u b l e  i n  cyc lohexane  and the  U.V. spec trum was 
i d e n t i c a l  i n  e v e r y  d e t a i l  t o  t h a t  o f  pu re  a n t h r a c e n e .  Thus 
p a r t i a l  c y c l i s a t i o n  and d e h y d ro g e n a t io n  have b e e n  acc om pl i she d  
a l o n g  w i t h  cleavage ,  o f  the  m o le c u le .  The o ra n g e -y e l lo w  p r o d u c t ,  
t h e  m i x t u r e  o f  t h e  f i n a l  two sub l im a te s^ w a s  a l s o  f a i r l y  s o l u b l e  
i n  cy c lo h e x a n e  w i t h  bands  a t  3550  3400$  and more i n t e n s e  bands
a t  3 1 7 0 , 3000  and 2680$ which ap p e a re d  t o  be a pen taphene  d e r i v a t i v  
A l l  a t t e m p t s  t o  a f f o r d  a s e p a r a t i o n  or  t o  o b t a i n  a c r y s t a l l i n e  
p r o d u c t  -were u n s u c c e s s f u l .
127.
A ttem pted  c y c l i s a t i o n  o f  the  h e x a c a r b o x y l j o  a c i d  (XXII l )  w i t h---„ ------------U--
p y r o p h o s p h o r i c a c i d  and r e d u c t i o n  o f  th e  product* w i t h  r ed
p hosp horus  and hydrogen i o d i d e  ( 55%),
The h e x a c a r b o x y l i c  a c i d  ( 0 . 5&m•) an  ^ p y r o p h o s p h o r ic  a c i d
(4 gm.) were  powdered t o g e t h e r  and h e a t e d  a t  250° f o r  25 mins .
under carbon d i o x i d e .  The g r e e n  m el t  became dark brown. The
m ix tu r e  was poured  i n t o  w a t e r ,  washed w i t h  d i l .  ammonia and
d r i e d  ( 0 . 4 1 g m , ) .  The p roduct  was reduced  by h e a t i n g  i n  a
s e a l e d  tube  a t  220°  f o r  12 hours  w i t h  hydrogen i o d i d e  (4m l . )»
r e d  p hosp horus  ( 0 . 4  gm.)  and p o t a s s iu m  i o d i d e  ( 0 . 2  g m . ) .  The
r e s u l t i n g  s o l i d  was powdered and t h o r o u g h ly  e x t r a c t e d  with, x y l e n e ,
The s o l u t i o n  was p a s s e d  through a s h o r t  alumina, column t o  remove
the  i n o r g a n i c  r e s i d u e s  and d i r t ,  and the  t r a c t i o n s  b u lked  ana
t a k e n  t o  d r y n e s s .  The U.V.  spectrum i n  c y c lo h e x a n e  i n d i c a t e d
0
a p e n ta p h e n e  d e r i v a t i v e  w i t h  bands a t  3540 ,  33&0 and 3O40A, and 
a more i n t e n s e  band a t  2860A which  d i d  not  b e l o n g  t o  the  
p e n ta p h e n e  spec trum . N e v e r t h e l e s s  t h i s  appeared t o  be a more 
homogeneous s o l u t i o n  than  from p r e v i o u s  r e a c t i o n s .
D e h y d r o g e n a t io n  u s i n g  copper powder and g r a n u l a r .j p a l l a d i i ^ o h a r c o a l  
20%.
The above prod u c t  was mixed w i t h  copper powder,  h e a t e d  a t  
4 0 0 °  u n d e r 'c a r b o n  d i o x i d e  f o r  2 hours and the  r e s u l t i n g  mixture  
s u b l im e d  (2x10" 2 m.m. H g . ) .  A s o l u t i o n  o f  the  r e d d i s h  brown 
s u b l i m a t e  i n  c y c lo h e x a n e  stowed a s e r i e s  o f  bands a t  3 8 2 0 ( v e r y  weak) ,  
3 340 ,  3200 ,  3060 ,  2960 ,  2850 and 2600A which c o u ld  not  be a s s i g n e d
t o  any s i n g l e  s t r u c t u r e .  _______ _______________
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O b v io u s ly  t h e  o r i g i n a l  pen taphene  d e r i v a t i v e  was now one o f
a m i x t u r e  o f  compounds.  The gum was sublimed  onto  g r a n u l a r
p a l l a d i u m  c h a r c o a l  ( 20fQ a t  320  and a f t e r  30 m inu te s  t h e  p ro d u c t
-2
was s u b l im e d  from t h e  c h a r c o a l  (2x10 m.m. H g . ) .  Only a v e ry  
s m a l l  q u a n t i t y  o f  y e l l o w  orange gum sublimed ahd th e  x y le n e  
s o l u t i o n  showed bands  a t  37^0,3590,  3420,  and 3210A v;hich 
i n d i c a t e d  an a n t h r a c e n e  d e r i v a t i v e .  The p r o d u c t  once a g a i n
c o u l d  n o t  be  in d u c ed  t o  c r y s t a l l i s e .
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S y n t h e s i s  o f  the  hydrocarbon ( i )  was a t te m p te d  i n  order  t o  
o b t a i n  a h e p t a c e n e  d e r i v a t i v e ^ s t a b l e  enoughyto  a l loy/  e x a m in a t io n  
o f  i t s  U .V .  spectrum f o r  comparison v / i th  the  asymmetr ic  a n n e l l a t i o n  
e f f e c t  e x h i b i t e d  i n  p a s s i n g  from an acene  t o  a t e t r a b e n z a c e n e .
I n s t e a d  o f  t h e  r e q u i r e d  compound a y e l l o w - o r a n g e  hydrocarbon  
has  been  i s o l a t e d  and a s s i g n e d  the  s t r u c t u r e  1 , 2 : 3 , 4 * 1 1 , 1 2 : 1 3 , 1 4 -
t e t r a b e n z h e p t a p h e n e  ( i l ) ,  on the  b a s i s  o f  the s i m i l a r i t y  o f  t h e  
U.V . spectrum w i t h  t h a t  o f  he ptaphe ne .  P r e l i m i n a r y  a t t e m p ts  t o  
s y n t h e  s i s e  1 , 2 , 3 , 4 - d ib e n z h e x a c e n e  ( h i )  are a l s o  d e s c r i b e d .
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D i s c u s s i o n
B e f o r e  d i s c u s s i n g  th e  aim o f  th e  work i n  t h i s  c h a p t e r  i n  
d e t a i l  a  v e r y  b r i e f  summary o f  t h e  c l a s s i f i c a t i o n  o f  t h e  bands  
i n  t h e  u l t r a v i o l e t  s p e c t r a  o f  p o l y c y c l i c  a r o m a t i c  h y d ro c a rb o n s  
w i l l  be g i v e n .
The bands  i n  th e  s p e c t r a  o f  a r o m a t i c  hyd ro ca rb o n s  were 
f i r s t  d i v i d e d  i n t o  t h r e e  d i f f e r e n t  t y p e s  -  R bands  ( l o g S < 2 ) j  
B bands  ( b e n z e n o id  bands)  and K bands  ( l o g £ > ^  ) .  P o l y c y c l i c
1
a r o m a t i c  compounds were c o n s id e r e d  to  e x h i b i t  on ly  B and K bands .
T h i s  c l a s s i f i c a t i o n  was b ased  on only  a l i m i t e d  number o f
h y d r o c a r b o n s  and n e v e r  g a i n e d  a c c e p ta n c e  i n  t h e  f i e l d  o f
p o l y c y c l i c  h y d ro c a rb o n s .
2
I n  1936,  C la r  i n t r o d u c e d  a much improved c l a s s i f i c a t i o n  which  
d e a l t  v*;ith a  l a r g e r  number o f  compounds. He p o i n t e d  ou t  t h a t  
t h e r e  were t h r e e  main band  sys tems which cou ld  be d i v i d e d  i n t o  
a -  b a n d s  ( lO c£~2 ~ 3  ) ,  p - b a n d s  ( l o c & £  ) a n d 3 -b a n d s  (1  6 ) •
The c h a r a c t e r i s t i c  i n t e n s i t i e s ,  th e  s h i f t s  on changing  phase  and 
p o l a r i s a t i o n  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  m o l e c u la r  axes  
were  a l l  a c c o u n te d  f o r  i n  t h i s  d e s c r i p t i o n .  However th e  main 
f e a t u r e  a r i s i n g  from t h i s  method was th e  f o r m u l a t i o n  o f  an 
e m p i r i c a l  r e l a t i o n s h i p  be tween  th e  p o s i t i o n  o f  t h e  lo w es t  i r e q u e n c y  
o f  e i t h e r  t h e  p  o r  J3  bands  which  cou ld  f i t  an  e q u a t i o n  o f  th e
i n t e g e r  ( t h e  o r d e r  number o f  r e c i p r o c a l  n u c l e a r  c h a rg e s )
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From t h i s  s im ple  r e l a t i o n s h i p  an A n n e l l a t i o n  P r i n c i p l e  has  been
b u i l t  up w hich  a l l o w s  a c c u r a t e  p r e d i c t i o n s  o f  t h e  bands  o f
unknown p o l y c y c l i c  a r o m a t i c  h y d ro c a rb o n s .
A n o th e r  c l a s s i f i c a t i o n  o f  t h e s e  bands  has  been  i n t r o d u c e d  by 
3
P l a t t ,  b a s e d  on a m a th e m a t i c a l  t r e a t m e n t  u s i n g  th e  f r e e  e l e c t r o n
t h e o r y  o f  c o n j u g a t e d  systerns^and t h i s  i d e n t i f i e s  t h e  bands  as
a r i s i n g  from p o l a r i s a t i o n  i n  a p a r t i c u l a r  d i r e c t i o n  w i t h  r e s p e c t
t o  t h e  m o l e c u l a r  a x e s .  The two c l a s s i f i c a t i o n s  g iv e  i d e n t i c a l
r e s u l t s  f o r  t h e  h y d ro c a rb o n s  o f  th e  acene  s e r i e s ,  however w i t h
a n g u l a r l y  a n n e l l a t e d  and condensed  h y d roca rbons  t h e  two c o n c e p t s
d i f f e r  g r e a t l y  a s  t o  t h e  d i r e c t i o n  o f  p o l a r i s a t i o n  o f  c e r t a i n
4
b a n d s t a n d  t o - d a t e  t h e  b u l k  o f  t h e  ev id e n c e  r a t h e r  f a v o u r s  th e  
a n n e l l a t i o n  p r i n c i p l e .
Thus C la r  and cow orkers  have s y n t h e s i s e d  numerous p o l y c y c l i c  
a r o m a t i c  h y d ro c a rb o n s  e x t e n d in g  e x i s t i n g  s e r i e s  and fo rming  
new a n n e l l a t i o n  s e r i e s  which  a l low  a r em a rk ab le  i n s i g h t  i n t o  
t h e  e l e c t r o n i c  c o n j u g a t i o n  w i t h i n  t h e s e  m o l e c u le s .
The s i m p l e s t  s e r i e s  and th e  most s t u d i e d  i s  t h a t  o f  t h e  l i n e a r  
a c e n e s ,  w h ich  f o r  th e  most p a r t  show th e  t h r e e  c h a r a c t e r i s t i c  CL j 
P and  [3-bands ( F i g .  l ) .  A l l  t h r e e  bands  s h i f t  t o  the  r e d  on 
a n n e l l a t i o n ,  a l t h o u g h  th e  p - b a n d s  undergo  l a r g e r  s h i f t s  and i n  
a n t h r a c e n e  and t e t r a c e n e  o v e r l i e  and obscu re  t h e  l e s s  i n t e n s e  
a  - b a n d s .  The i m p o r t a n t  r e l a t i o n s h i p  i n  t h i s  s e r i e s  a p p l i e s  
t o  b o t h  t h e  [3 and p —bands  w hich  show an a p p r o x im a te ly  c o n s t a n t
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rod. s h i f t  w i t h  e a c h  s u c c e s s i v e  a n n e l l a t i o n ? c o n v e n i e n t l y  measured
i n  u n i t s  o l , t h e  s c a l e  f o r  r e c i p r o c a l  n u c l e a r  c h a rg e s  ( i . e .
t h e  Ti; - e l e c t r o n s  which ,come i n t o  the  system to  c o u n t e r a c t  n u c l e a r
a t t r a c t i o n } .  T h i s  r e g u l a r  h a tn o ch ro m ic  s h i f t  i s  t h e r e f o r e  c l a s s i f i e d
a s  a  sym m etr ic  a n n e l l a t i o n  e f f e c t .  A s i m i l a r  s t r a i g h t  fo rw ard
r e l a t i o n s h i p  e x i s t s  f o r  t h e d a n d  g - h a n d s  of  t h e  a n g u l a r l y
a r r a n g e d  phene  s e r i e s  ( F i g .  2 ) ,  a l t h o u g h  a g a i n  the  a-o^nds a r e
somet imes  h id d e n ,C £ > n s id e ra t i o n  o f  th e  s p e c t r a  o f  t h e  phenes  shows
t h a t  t h e  s h i f t  d i f f e r e n c e  i n  2  e x p e r i e n c e d  by th e  g - b a n d s  i s
5
a l s o  a p p r o x i m a t e l y  c o n s t a n t .  However d e a l i n g  w i t h  m o le c u le s
w h ich  have s e v e r a l  a n g u l a r l y  a n n e l l a t e d  r i n g s  th e  s i t u a t i o n
i s  more complex and r e s u l t s  i n  i r r e g u l a r  e f f e c t s  which a r e  te rmed
a s y m m etr ic  a n n e l l a t i o n s .  I n  t h i s  p a r t i c u l a r  work i t  was hoped to
o b t a i n  f u r t h e r  e v id e n c e  f o r  th e  asymmetr ic  e f f e c t  shown in  b u i l d i n g
6
up s y m m e t r i c a l  t e t r a b e n s a c e n e s  from t h e  c o r r e s p o n d in g  a c e n e s .
The s u c c e s s i v e  c o n d e n s a t io n  o f  two d ip h e n y l  complexes t o  an
i 7a cene  p r o d u c e s  two s i g n i f i c a n t l y  d i f f e r e n t  b a thoch rom ic  s n i i t s .  
A d d i t i o n  o f  t h e  f i r s t  d ip h e n y l  complex t o  benzene ( i )  forming 
t r i p h e n y l e n e  ( i l )  r e s u l t s  i n  a  s h i f t  o f  th e  (3-band o f  71#A or 
7 .6o /2"  . The second  a d d i t i o n  fo rming t e t r a b e n z a n t h r a c e n e  ( i l l )  i s  
marked by a much s m a l l e r  s h i f t  o f  355^ or  3*40 , / S ” • Th is  
asymmetry can r e a d i l y  be e x p l a i n e d  by th e  s e x o e t  t h e o r y  } 
where a q u a n t i t a t i v e  a s s e s sm e n t  o f  t h e  deg ree  o f  a r o m a t i c  c o n j u g a t i o n  
i n  an in d u c e d  s e x t e t 7 a s  i n d i c a t e d  by th e  a r r o w s } can be made
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by a s im p le  s u b t r a c t i o n  r u l e .  I f  t h e  second s h i f t  g o in g  from
t r i p h e n y l e n e  t o  t e t r a b e n z a n t h r a c e n e  i s  s u b t r a c t e d  from t h e p ~ b a n d
o f  t r i p h e n y l e n e ,  t h e n  e f f e c t i v e l y  t h e  i n f l u e n c e  o f  t h e  two
e x t e r n a l  benzo  r i n g s  i s  removed l e a v i n g  on ly  pu re  a r o m a t i c
c o n j u g a t i o n .  T h i s  5O .7O-3 . 4.O = 4 7 . 3 0 s/ i C  T h i s  w a v e le n g th
i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h e  ob s e rv ed  p  -band  o f  n a p h t h a l e n e
a t  22102.  The benzene  system has  t h u s  n o t  been  e x t e n d e d  t o  th e
TC -  e l e c t r o n  sy s tem  o f  a n t h r a c e n e  b u t  o n ly  t o  t h e  n a p h t h a l e n e
s y s t e m .  In  t e rm s  o f  H ~ e l e c t r o n  c o n j u g a t i o n ,  t h e  induc ed  s e x t e t
i s  e q u i v a l e n t  t o  one r i n g  i n  t h e  acene s e r i e s ,  w h i l e  an empty
6,7
r i n g  marked !E ! i s  p ro d u c e d  d u r i n g  t h e  second  a n n e l l a t i o n . '
T h i s  i s  f u r t h e r  e x e m p l i f i e d  i n  t h e  s e r i e s  n a p h t h a l e n e  (IV) t o
t e t r a b e n z t e t r a c e n e  ( V i ) .  The f i r s t  d ip h e n y l  complex l e a d i n g
t o  1 , 2 : 3 , 4 - d i b e n s a n t h r a c e n e  (V) cause's  a  l a r g e  s h i f t  o f  65OA 
/ o"~
or  6*47  v/A> w h i l e  t h e  second  c o n d e n s a t i o n  r e s u l t i n g  i n  th e
f o r m a t i o n  o f  1 , 2 : 3 , 4 : 7 , 8 : 9 , l O - t e t r a b e n z o t e t r a c e n e  (Vi)  p ro d u c e s
0
a s m a l l e r  s h i f t  o f  395A. A p p l i c a t i o n  o f  t h e  s u b t r a c t i o n  r u l e  
g i v e s  5 3 . 4 8 - 3 . 5 7 =4 9 . 91^ "  or  2491^ which  i s  a lm o s t  e q u a l  t o  t h e  
o b s e r v e d |3~band o f  a n t h r a c e n e  a t  2513^-• Again t h e  71—o l e c t r o n  
sys tem o f  n a p h t h a l e n e  h a s  o n ly  been  e x t e n d e d  t o  th e  a n t h r a c e n e  
sys tem  and  an  empty r i n g  E p rod u ced  by t h e  second a d d i t i o n  
l e a d i n g  t o  t e t r a b e n z o t e t r a c e n e .  T h i s  t r e n d  i s  r e p e a t e d  i n  the  
s e r i e s  from a n t h r a c e n e  (V II )  t o  1 , 2 : 3 , 4 : 8 , 9 *1 0 , 1 1 - t e t r a b e n z o -  
p e n t a c e n e  (IX) where t h e  s u b t r a c t i o n  r u l e  5 5 .5 9 -2 .8 = 5 3 .0 8
134.
o r  251C5A g i v e s  a p r e d i c t e d  0 -b an d  i n  e x c e l l e n t  ag reem ent  vvith
6 7
t h e  s p l i t  B -h a n d  o f  t e t r a c e n e  (2740 and 293oS) . The nex t
s e r i e s  f rom t e t r a c e n e  (X) t o  t e t r a b e n z h e x a c e n e  (X I I )  i s  n o t
com ple te  a s  t e t r a b e n z h e x a c e n e  has  n o t  been  s y n t h e s i s e d .  However
f o l l o w i n g  t h e  s u b t r a c t i o n  r u l e ,  one can  c a l c u l a t e  where t h e  |3 ~
band o f  t h i s  hyd ro ca rb o n  w i l l  be from com par ison  o f  t e t r a c e n e  (X)
and d i b e n z o p e n t a c e n e  (XI) a s  shown. F i g l .
I t  was t h e r e f o r e  o f  i n t e r e s t  t o  a t t e m p t  th e  s y n t h e s i s  o f  t h e
h y d r o c a r b o n s  1 , 2 : 3 , 4 -d ih e n z o h e x a c e n e  (XIV) and 1 , 2 : 3 , 4 : 1 0 , 1 1 :
1 2 , 1 3 - t e t r a b e n z h e p t a c e n e  (XV) which  a r e  t h e  r e m a in in g  members o f
t h e  l a s t  s e r i e s  shown s t a r t i n g  w i t h  p e n t a c e n e  ( X I I I ) .
These two h y d ro c a rb o n s  a r e  a l s o  o f  c o n s i d e r a b l e  i n t e r e s t  i n  t h e i r
own r i g h t  a s  t h e y  a r e  p o s s i b l e  s t a b l e  d e r i v a t i v e s  o f  t h e  e x t r e m e l y
r e a c t i v e  p a r e n t  h y d ro c a rb o n s ^ ’h e p ta c e n e  and hexac ene .  A l though
hexacene  has  been  p r e p a r e d  i n  a pure  s t a t e  i t  i s  so r e a c t i v e  t h a t
a com ple te  sp e c t ru m  has  no t  been  o b ta in e d ,  and a l l  attemrrfcs t o
8
s y n t h e s i s e  n e p ta c e n e  have b sen  u n s u c c e s s f u l .
A s p a r i n g l y  s o l u b l e  y e l l o w - o r a n g e  h y d r o c a r b o n  has  been o b t a i n e d
w h ic h  was i n i t i a l l y  t h o u g h t  t o  be 7 , 1 6 - d i h y d r o t e t r a b e n z h e p t a c e n e
(XVI) on t h e  b a s i s  o f  t h e  U.V. s pec t rum ,  a n a l y s i s  and mass spec t rum .
The mass sp ec t ru m  showed a s m a l l  peak  a t  ^00 w i t h  a l a r g e r  peak
a t  578  w h ich  were a t t r i b u t e d  t o  t h e  d i h y c l r o d e r i v a t i v e  and t h e
p a r e n t  i o n  minus two hydrogen  atoms r e s p e c t i v e l y .  The i n i t i a l
a n a l y s i s  a l s o  f i t t e d  t h e  fo rm u la  C II r a t h e r  t h a n  th e  i u l l y
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a r o m a t i c  C • However a l l  a t t e m p t s  t o  deHydrogenate
2 6
t h i s  compound were u n s u c c e s s f u l .
There  was however an anomaly i n  th e  U.V. s p ec t ru m .  Comparison
9ol  d i h y d r o t e t r a b e n z o p e n t a c e n e  (XVIII)  and 2 , 3 —d - im e th y l t r ip h e n y le n e
(XVII)  w i t h  t h e  p a r e n t  t r i p h e n y l e n e  (XIX) showed t h e  u s u a l  sm a l l  
b a th o c h ro ra ic  s h i f t ' s  o f  2 0 -4 0 2  a s s o c i a t e d  w i t h  th e  i n t r o d u c t i o n  
o f  a l k y l  s u b s t i t u e n t s .  A s i m i l a r  com par ison  o f  6 , 7- d i m e t h y l -  
d i b e n z a n t h r a c e n e  (XXI) and th e  above d e r i v a t i v e  (XVI) - w i th  t h e  
p a r e n t  h yd roca rbon  d i b e n z a n t h r a c e n e  (XX) r e q u i r e d  a s h i f t  o f  th e  
Ot-'band by 32oS f o r  d i h y d r o t e t r a b e n z h e p t a c e n e  (XVIJ^ w h i le  on ly  
t h e  u s u a l  sm a l l  s h i f t  was ob s e rv ed  i n  xhe case  o f  6 , 7 - d i m e t h y i -  
d i b e n z a n t n r a c e n e  (X X l) . F u r the rm ore  th e  lo g  £  v a l u e  o f  th e  
b and  a t  4 0 6 u£ which  was c o n s i d e r e d  t o  be an (X~ band was found
2
t o  be 4 . Cl w hich  i s  t o o  h i g h  f o r  an Ct“band b u t  f i t s  f o r  a p -band .H e  
- e x a m i n a t i o n  of  th e  sp ec t ru m  of  a more c o n c e n t r a t e d  s o l u t i o n  
r e v e a l e d  th e  CC-bands a t  4 7 8 0 ,4 6 4 0  and 4480 which  had o r i g i n a l l y  
been  a t t r i b u t e d  t o  a sm a l l  amount o f  th e  i s o m e r i c  d i h y d r o ­
t e t r a b e n z h e p t a c e n e  (XVIa).  The comple te  spec t rum i s  shown i n  
F i g .  *J and b e a r s  a  r e m a r k a b le  s i m i l a r i t y  t o  t h e  spec t rum  of 
t h e  known hep taphene  ( X X I l )F i g . l  •
U n f o r t u n a t e l y  however^ t h e r e  a r e  no examples  o f  phene s t r u c t u r e s  
w h ich  have t h i s  t o t r a b e n z o  a n n e l l a t i o n  a t  t h e  t e r m i n a l  r i n g s .  
T h e r e f o r e  a d i r e c t  com par ison  w i t h  an a n n e l l a t i o n  s e r i e s  or  w i t h  
an a n a l o g o u s  compound i s  no t  p o s s i b l e .  Hor i s  i t  j u s t i f i a b l e  t o
l o g £
4000 Wavelength X3000
F i g . l  A bsorp t ion  max. (X) and log  £ ( i n  p a r e n t h e s e s ) .
  1 , 2 *3 , 4 *11 , 12*13 ,14-Tet rabenzheptaphene i n  x y le ne .
a  *4780(3.02),4640(3*03),44«0(3.31); p *4060(4.81);3 *3810(4.95) 
3660(4.70),3400(4.52); 3/ :30BO(4.93),2990(4.97)
------------- Heptaphene i n  tr ichlorobenzeneOt  *5190(2.94),  4870(3*16),
4570(3*34) ;  p  s4220(4*47 ) ;  P :3900(4*^3) ,  3700(4 .67).
(XXIII)
+ 30
->Ct -  3850 3880
Xp
Xp
3590
2900
-  140
+ 140
->
3450 2 
3040 2
(XXV) (XXVI)
-  20
Xp = 4250 
Xp = 3190
4230 X 
3280 2
+ 90
Xp
Xp
3580
3160
+ 100
+. 100
->
(XXVII) (XXVIII)
-  20
4230 £
3680 2 
3260 2
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compare i t  w i t h  th e  s h i f t s  o bse rved  i n  th e  t e t r a b e n z a c a n e  s e r i e s  
a l r e a d y  d i s c u s s e d .
In  com p ar i so n  w i t h  h e p ta p h e n e ,  a l l  t h r e e  hands  have s h i f t e d
o
t o  th e  v i o l e t ;  th e  (X~b and c o n s id e r a b ly  by 4 OOA, th e  p -b a n d s  by
140S and  a s m a l l e r  hypsoctirornic s h i r t  o f  70X' f o r  th e  p -b a n d .
A l th o u g h  i n f o r m a t i o n  r e g a r d i n g  s h i f t s  o f  a  - h a n d  i s  s p a r s e  due
t o  t h e  f a c t  t h a t  t h e y  a r e  so o f t e n  o b s c u re d  by p - h a n d s ,  t h e
s h i f t  o f  t h e  (X~band i n  t h i s  case i s  v e r y  l a r g e  i n  com par ison
w i t h  t h a t  o f  t h e  p - h a n d .  F u r t h e r  th e  v i o l e t  s h i f t  o f  t h e  p -
band d o es  n o t  conform w i th  th e  v a s t  amount o f  i n f o r m a t i o n
a c c u m u la t e d  f o r  th e  b e h a v i o u r  of  the  p - h a n d  on a n n e l l a t i o n .
In  a l l  c a s e s  a n n e l l a t i o n  o f  two or f o u r  r i n g s  t o  th e  t e r m i n a l  r i n g
or  r i n g s  r e s u l t s  i n  a r e d  s h i f t  f o r  t h e p -b a n d s .  T h i s  i s  shown
iv: t h e  exam p les  (X X III) (XXIV), (XXT) (X X T l), (XXVIl) (XXVIIl) and
a l t h o u g h  th e  s h i f t  i s  on o c c a s i o n s  s m a l l f i t  i s  c o n s i s t e n t l y  t o
t h e  r e d .  However t h e  s h i f t  of  the  p - h a n d  t o  th e  v i o l e t  i n  t h i s
o
case  i s  v e r y  s m a l l ,  70A and th e  o v e r a l l  s i m i l a r i t y  o f  the  spec t rum  
t o  t h a t  o f  hep taphene  has  l e d  t o  th e  t e n t a t i v e  a s s ig n m e n t  o f  t h e  
s t r u c t u r e  a s  l , 2 : 3 , 4 s l l » 1 2 : 1 3 , 14 - t e t r a b e n z h e p t a p h e n e  (XXIX).
F i n a l l y ,  p r e l i m i n a r y  work on a new s y n t h e t i c  scheme f o r  
a d d in g  f o u r  r i n g s  l i n e a r l y  t o  a m o le c u le ,  i n  p a r t i c u l c t r  w i th  
a, view t o  s y n t h e s i s i n g  d ioe t lzhexacene  i s  d e s c r i b e d  i n  th e  
f o l l o w i n g  d i s c u s s i o n .

137.
E x p e r i m e n t a l  D i s c u s s i o n
When c o n s i d e r i n g  a s y n t h e t i c  scheme f o r  a h i g h l y  sym m etr ica l
p o l y c y c l i c  a r o m a t i c  h yd roca rbon  such  as  t e t r a b e n z h e p t a c e n e
one o f  t h e  b e s t  methods  i n v o l v e s  c o n d e n s a t i o n  o f  two s u i t a b l y
s u b s t i t u t e d  d e r i v a t i v e s  which  a r e  eac h  h a l f  o f  t h e  r e q u i r e d
compound. A s i m i l a r  method e s p e c i a l l y  when th e  l i n e a r  p a r t
c o n s i s t s  o f  an odd number o f  r i n g s ,  i n v o l v e s  doub le  c o n d e n s a t i o n
11o f  two i d e n t i c a l  m o l e c u le s  t o  a s i n g l e  c e n t r a l  r i n g .
The l a t t e r  method was a d o p ted  i n  t h i s  case  and t h e  i n i t i a l
work i n v o l v e d  a F r i e d e l - C r a f t s  c o n d e n s a t i o n ,  o f  two m o le c u le s
o f  t r i p h e n y l e n e  (XIX) w i t h  a m olecu le  o f  p y r o m e l l i t i c  d i a n h y d r i d e
(XXX) u s i n g  aluminum t r i c h l o r i d e .  However^wi th  benzene
and o -cL ich lorobenzen e  a s  s o l v e n t s  th e  y i e l d s  o f  th e  d oub ly
condensed  isomer  (XXXl) were v e r y  s m a l l ,  a mono d e r i v a t i v e
and u n r e a c t e d  t r i p h e n y l e n e  b e i n g  t h e  m a jo r  c o n s t i t u e n t s  even
a f t e r  p r o lo n g e d  r e a c t i o n  t im e .  The l a t t e r  s o l v e n t  h a s  been
12
found  p a r t i c u l a r l y  u s e f u l  f o r  l e s s  s o l u b l e  compounds^ b u t  d i d
n o t  improve th e  y i e l d  o f  t h e  r e q u i r e d  i som er  in  t h i s  c a s e .
In  t e  t r a c  til o r  oe th a n e  a t  h ig h e r  t e m p e r a t u r e s  ( 7 5 -6 5 ° )  "the
main p r o d u c t  was a p a l e  y e l lo w  e x t r e m e l y  i n s o l u b l e  compound
w hich  p roved  on TJ.V. e x a m in a t io n  t o  be t h e  known 1 , 2 s3>4s b ,7*
131 2 , 1 3 - t e t r a b e n z o p e n t a c e n e  (X X X II l ) . In  t h i s  r e a c t i o n  t h e  
t r i p h e n y l e n e  has  n o t  r e a c te d ,  w i t h  t h e  a n h y d r id e  b u t  has 
undergone  s e l f - c o n d e n s a t i o n .

138.
D e s p i t e  t h e  p o o r  y i e l d s ,  a t t e m p t s  were made t o  c y c i i s e  th e
c rude  r e a c t i o n  m i x t u r e s  from th e  F r i e d e l - C r a f t s  r e a c t i o n  i n  t h e
hope o f  i s o l a t i n g  t h e  r e q u i r e d  d iq u in o n e  wbicn  wouio. be r a t h e r
i n s o l u b l e .  B o n i n g  t h e  crude  a c i u  m ix tu re  w i t h  benzoy l  c n l o r i d e
and a t r a c e  ol s u l p b u r i c  a c i d ,  gave a c o l o u r  cnange from green^
t n r o u g h  a  s n o r t  l i v e d  i n t e r m e d i a t e  b l u e ^ t o  a f i n a l  wine colour^
b u t  gave  no e v id en ce  o f  t h e  r e q u i r e d  d iq u in o n e  (XXXIl) .  A
h a r s h e r  c y c l i s a t i o n ,  by add ing  f r e s h  p h ospho rus  p e n t o x i d e
t o  a r e f l u x i n g  s o l u t i o n  o f  t h e  crude  a c i d  and p h t h a l i c  a n h y d r id e
16
was a l s o  c a r r i e d  o u t .  S u b l im a t i o n  o f  t h e  crude  r e a c t i o n  p r o d u c t  
gave a  m i x tu r e  o f  compounds none o f  which  gave an a n a l y s i s  
c o r r e s p o n d i n g  t o  t h e  d i q u i n o n e .  A sm a l l  q u a n t i t y  o f  e x t r e m e l y  
i n s o l u b l e  p a l e  y e l lo w  n e e d l e s  which on ly  sub l im ed  a t  v e r y  h igh  
t e m p e r a t u r e s ^  a l t h o u g h  no t  c h a r a c t e r i s e d ,  were assumed t o  be th e  
r e q u i r e d  compound.
D i r e c t  r e d u c t i o n  o f  t h e  c rude  c y c l i s e d  p r o d u c t  was a l s o
15
a t t e m p t e d  u s i n g  z i n c  d u s t  and a l c o h o l i c  sodium h y d ro x id e  s o l u t i o n .  
S u b l i m a t i o n  o f  t h e  p r o d u c t  y i e l d e d  o n ly  a sm a l l  amount o f  p r o d u c t  
and t h i s  d i d  no t  g iv e  a s a t i s f a c t o r y  h y d ro c a rb o n  a n a l y s i s .
The b u l k  o f  the  p r o d u c t  r em a ined  unsub l im ed  even a t  5^0° .
The poo r  y i e l d  o f  t h e  r e q u i r e d  i n t e r m e d i a t e  (XXXI) c o u ld  no t  
be improved by i n c r e a s i n g  th e  r e a c t i o n  t e m p e r a t u r e  o r  by 
chang ing  the  s o l v e n t  and t h i s  r e a c t i o n  scheme was d i s c o n t i n u e d .
In  o r d e r  t o  improve t h e  y i e l d s  o f  t h e  i n i t i a l  s t a g e ,  t h e
139®
F r i e d e l - C r a f t s  c o n d e n s a t i o n  o f  2 , 5 -  d i m e t h y l t e r e p h t h a l y l  c h l o r i d e  
(XXXIV) w i t h  two m o l e c u l e s  o f  t r i p h e n y l e n e  (XIX) y i e l d e d  t h e  i n t e r ­
m e d ia t e  k e t o n e  (XXXV). As t h e  a c i d  c h l o r i d e  had been  p u r i f i e d  
p r e v i o u s l y  t h i s  s h o u ld  l e a d  t o  on ly  one k e to n e  and i t  was 
e x p e c t e d  t h a t  c 'ondensa t ion  i n v o l v i n g  an a c i d  c h l o r i d e  would 
be  more e f f i c i e n t  t h a n  t h e  above a n h y d r i d e .  T h i s  r e a c t i o n  scheme
had  been  u s e d  s u c c e s s f u l l y  i n  th e  s y n t h e s i s  o f  d i h y d r o - 1 , 2 - ."benz-
* 17h e x a c e n e .
The k e t o n e  i s o l a t e d  from t h e  c o n d e n s a t i o n  had a s h a rp  m e l t i n g
p o i n t  and a p p e a re d  to  be a un i fo rm  compound. P y r o l y s i s  o f  th e  
18
k e t o n e  a lo n e  i n  a s u b l i m a t i o n  tu b e  under  ca rbon  d io x i d e  gave 
f i r s t l y  s m a l l  amounts o f  u n r e a c t e d  s t a r i . i n g  m a t e r i a l ,  t r i p h e n y l e n e  
and s m a l l  amounts o f  a t e t r a c e n e  d e r i v a t i v e .  The r e s i d u e  was 
su b l im ed  u s i n g  a h ig h  vacuum and y i e l d e d  a p a l e  o range  s u b l im a te  
w h ich  was p a r t i a l l y  p u r i f i e d  by r e f l u x i n g  w i t h  x y l e n e  w hich  
removed more s o l u b l e  i m p u r i t i e s .  As men t ioned  e a r l i e r ,  th e  
i n i t i a l  U.V. s p e c t r a ,  mass spec t rum  and t h e  a n a l y s i s  which  f i t t e d  
a  m o l e c u la r  fo rm u la  o f  C4 5H23 f a v o u r e d  t h e  d i h y d r o t e t r a b e n z -  
h e p t a c e n e  s t r u c t u r e  (XV). However, n o t  s u p r i s i n g l y  i n  t h e  l i g h t  
o f  t h e  new TJ.V. e v i d e n c e ,  a l l  a t t e m p t s  t o  deh y d ro g en a te  t h e  
m o le c u le  were u n s u c c e s s f u l ,  r e s u l t i n g  i n  unchanged h y d roca rbon  
o r  de c o m p o s i t i o n  a t  h i g h e r  t e m p e r a t u r e s .  Also  an  a t t e m p t  t o  
add m a le i c  an h y d r id e  t o  th e  m o lecu le  by r e f l u x i n g  w i t h  x y le n e  
l e f t  t h e  h y d roca rbon  u n r e a c t e d .  T h i s  can be compared w i t h
(XXXVII) (XXXVIII)
(XXXVI)
'CH
( XXXIX) (XII)
(XL) (XLII)
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hep t a p  he ne w h ich  d oes  add two m o le c u le s  o f  raa le ic  anhydride
10
under t h e s e  c o n d i t i o n s .  However th e  fo u r  a n n e l la t e d  r i n g s  in
t o t r a b  e n z h e p t  ap he ne (XXIX) have in tr o d u c e d  fou r  new in h e r e n t
s e x t e t S j a n d  th e  m o le c u le  i s  more ben.zenoid  in  c h a r a c te r  than
h ep tap h en e  and t h e r e f o r e  more r e l u c t a n t  t o  add m a le ic  a n h y d r id e .
A d d it io n  o n ly  t a k e s  p la c e  when th e  hydrocarbon i s  r e f l u x e d  w ith
rn a ls ic  an h yd rid e  a lo n e .
Thus d e s p i t e  th e  f a c t  t h a t  th e  o r i g i n a l  a c id  c h l o r i d e  was
c o n s id e r e d  t o  be th e  s i n g l e  isom er (XXX1 7 ) ,  the  u n e x p e c ted  a n g u la r
te tr a b e n z h e p ta p h e n e  appears  t o  have been  form ed. I f  th e  k e t o n e
was i n f a c t  th e  s i n g l e  isom er then  rearrangem ent must have occu red
d u r in g  p y r o l y s i s .  A lthough  t h i s  i s  common in  such c a s e s  a s
(XX7I) (XXXVII), (XXXVIII) i t  i s  g e n e r a l l y  c o n s id e r e d  t h a t  .
m ig r a t io n  i s  o n l y  favou red  i f  a t r a n s - b i s a n g u l a r  hydrocarbon can
19 *
be form ed in  p la c e  o f  the  c i s - b i s a n g u l a r  iso m er .  Thus p y r o l y s i s
o f  k e t o n e s  (XXXIX) and(XL) to  g i v e  I ,2 s 3 > 4 s 5 > 6 - t r ib e n z a n t h r a c e n e
(XLl) and l , 2 : 3 , 4 J 7 , 8 - t r i b e n z o t e t r a c e n e  (X LIl)  t a k e s  p lace
w it h o u t  rearran gem en t,  and th e r e  i s  t h e r e f o r e  no apparent
r e a s o n  f o r  th e  k e to n e  r e a r r a n g in g  in  t h i s  c a s e .  However, the
fo r m a t io n  o f  pentaphene (XLIV) by p y r o l y s i s  o f  th e  k e to n e  ( X L I I l ) ,
a l s o  r e s u l t s  in  sm a ll  amounts o f  d ih y d r o p e n ta c en e  ( aLV) w h ich
20
c o u ld  o n ly  be formed by rearran gem en t.  T h er e fo re  an a n a lo g o u s  
rearrangem en t must have o c c u r ed  in  our c a se  to  e x p l a in  th e  
o b se r v ed  product (XXIX) from th e  pure in te r m e d ia t e  ketone(XXXV).
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No t r a c e  o f  t h e  r e q u i r e d  h y d r o t e t r a b e n z f t e p t a c e n e  (XVI) d e r i v a t i v e  
c o u l d  he found and i t  must  he assumed t h a t  i t  was n o t  s t a b l e  a t  
t h e  t e m p e r a t u r e  o f  t h e  p y r o l y s i s .
The a t t e m p t e d  s y n t h e s i s  o f  l , 2 : 3 , 4 - d i b e n z h e x a c e n e  (XLVl) a l s o  
made use  o f  t h i s  p y r o l y s i s  method f o r  th e  f i n a l  s t a g e .  The 
c o n d e n s a t i o n  o f  b e n z o p h e n o n e - t r i c a r b o x y l i c  a c i d  a n h y d r id e  (XLVIl) 
w i t h  o c t a h y d r o p h e n a n t h r e n e , ( X L V I I l )  g i v e s  t h e  i n t e r m e d i a t e  
(XLIX), w h ich  has  t h e  r e q u i r e d  s k e l e t o n  f o r  c y c l i s a t i o n  t o  
d ibenzopen tacen^e .
F r i e d e l - C r a f t s  r e a c t i o n s  i n v o l v i n g  a n h y d r i d e s  g e n e r a l l y  g iv e  
low y i e l d s  and t h i s  i s  overcome by u s in g  l a r g e  amounts o f  r e a g e n t s ,  
however t h i s  i s  no t  a lw ays  p o s s i b l e ,  l'n o r d e r  t o  improve th e  
y i e l d  o f  t h e  i n i t i a l  i n t e r m e d i a t e  i t  was hoped t o  condense 
t r i p h e n y l e n e  (XIX) w i t h  t h e  a c i d  c h l o r i d e  ( L I I l )  t o  g iv e  t h e  
k e t o n e  (L IV ) . D i r e c t  c y c l i s a t i o n  and r e d u c t i o n  o f  (LIV) by an 
E l b s  r e a c t i o n ,  a l t h o u g h  g i v i n g  s m a l l  y i e l d s  would c i rcum ven t  
t h e  a d d i t i o n a l  s t a g e s  (XLIX), ( i ) , (L i )  r e q u i r e d  t o  c o n v e r t  
(XLIX) t o  the  i n t e r m e d i a t e  (L i )  s u i t a b l e  f o r  c y c l i s a t i o n  and 
r e d u c t i o n .
B e n z o p h e n o n e t r i c a r b o x y l i c  a c i d  i s  r e a d i l y  o b t a i n e d  by o x i d a t i o n
o f  5 - b e n z o y l p s 6 udocumene}f i r s t l y  w i t h  d i l .  n i t r i c  a c i d  which
o x i d i s e s  one o f  th e  methyl  g ro u p s .  F u r t h e r  o x i d a t i o n  w i t h  a l k a l i n e
p o t a s s i u m  permanganate  y i e l d s  t h e  r e q u i r e d  a c i d  w hich  i s  c o n v e r t e d
22
t o  t h e  anh y d r id e  on m e l t i n g .  I t  was hoped t o  i s o l a t e  th e  mono
142.
a c i d  from th e  i i r s t  o x i d a t i o n  s t a g e f which  s h o u ld  be m a in ly  the
i s o m e r  ( L I l )  i n  an a lo g y  w i t h  th e  o x i d a t i o n  o f  du rene  which forms
23
t h e  2 , 5 “"ci i n i e t h y l t e r e p h t h a l i c  a c i d .  Convers ion  t o  t h e  a c i d  c h l o r i d e  
and  I f * i e d e l - C r a f t s  c o n d e n s a t i o n  w i t h  t r i p h e n y l e n e  would y i e l d  t h e  
i n t e r m e d i a t e  k e t o n e  (LIV) s u i t a b l e  f o r  c y c l i s a t i o n .
The c rude  acid^ i s o l a t e d  from th e  n i t r i c  a c i d  o x id a t io n ^ w a s  
r e f l u x e d  w i t h  t h i o n y l  c h l o r i d e  to  g i v e  t h e  a c i d  c h l o r i d e  a s  a 
brown v i s c o u s  l i q u i d .  The c o n d e n s a t io n  p r o d u c t  w i t h  t r i p h e n y l e n e  
gave  a s m a l l  amount o f  t h e  r e q u i r e d  k e t o n e  on r e c r y s t a l l i s a t i o n  
b u t  t h e  b u l k  o f  t h e  p r o d u c t  rem ained  a s  a gum* T h i s  was p y r o l y s e d  
w i t h o u t  f u r t h e r  p u r i f i c a t i o n  and y i e l d e d  a c o n s i d e r a b l e  amount 
o f  t r i p h e n y l e n e  a n d a s u b s t i t u t e d  t e t r a c e n e  d e r i v a t i v e  on 
s u b l i m a t i o n  o f  th e  r e s i d u e .  Chromatography o f  t h e  s u b l im a te  
a f f o r d e d  a s e p a r a t i o n  o f  th e  m ix tu re  b u t  on ly  a sm a l l  amount o f  
t h e  t e t r a c e n e  d e r i v a t i v e  was i s o l a t e d .  The TJ,V. spec t rum  d i d  
i n d i c a t e  however t h a t  t h i s  p r o d u c t  was a d e r i v a t i v e  o f  
T , 2 : 3 , 4 - d i b e n z o t e t r a c e n e  and th e  s h i f t s  from t h e  p a r e n t  compound 
were o f  t h e  o r d e r  o f  magni tude f o r  a l k y l  s u b s t i t u e n t s .
However t h ro u g h o u t  th e  cou rse  o f  t h i s  work on ly  sm a l l  amounts 
o f  t r i p h e n y l e n e  were used  f o r  each  r e a c t i o n  sequence  and a t  t h i s  
s t a g e  i n s u f f i c i e n t  p r o d u c t  was o b t a i n e d  f o r  a d e h y d r o g e n a t io n .  
F u r t h e r  work on t h i s  r e a c t i o n  sequence  was t h e r e f o r e  t e r m i n a t e d  
due t o  i n s u f f i c i e n t  t im e .
expekbsittal
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2 , 5 - D i r n e t h y l t e r e p h t h a l o y l  c h l o r i d e  (XXXIV).
P r e p a r e d  and p u r i f i e d  a s  d e s c r i b e d  on page  120  *
M - 2 , 5 - ( t r i p h e n . y l 6 , y l - 2 - ) - p - x y I s n e  (XXXV).
T r i p h e n y l e n e  (4gm.) and the above a c i d  c h l o r i d e  ( 2g . )  were 
powdered  t o g e t h e r  and added  t o  20 m is .  o f  d ry  b e n z e n e .  F i n e l y  
powdered  aluminium c h l o r i d e  (3  g . )  was added i n  one p o r t i o n  
w i t h  s t i r r i n g  and t h e  m ix tu r e  became o r a n g e - r e d .  On r a i s i n g  
t h e  t e m p e r a t u r e  t o  5 0 ° a  more v i g o r o u s  r e a c t i o n  to o k  p l a c e  and 
hyd ro g en  c h l o r i d e  was ev o lv e d .  A f t e r  20 rains,  a t  t h i s  temp­
e r a t u r e  t h e  r e d d i s h - b r o w n  mel t  was pou red  onto  a m ix tu r e  o f  d i l .  
h y d r o c h l o r i c  a c i d  and  i c e  forming a cream p r e c i p i t a t e .  The 
benzene  was d i s t i l l e d  o f f  and th e  o r g a n i c  r e s i d u e  was d i s s o l v e d  
i n  x y l e n e .  The x y le n e  s o l u t i o n  was washed w i t h  d i l .  ammonia, 
w a t e r ,  f i l t e r e d  and c o n c e n t r a t e d .  The r e s u l t i n g  c r y s t a l l i n e  
p r o d u c t  ( 3 .4  g . )  was f i l t e r e d  and d r i e d .  R e c r y s t a l l i s a t i o n  of  
a sample from x y le n e  y i e l d e d  t i n y  w h i te  n e e d l e s ,  m . p t .  307 - 310° 
w h ich  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  p roduce  an 
o range  c o l o u r .
Found 0=89.68^-, H=5.03fc
C H 0 r e q u i r e s  C=89.90$£, H=4. 88 ?^
46. 30 2
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P y r o l y s i s  o f  d i - 2 , 5 - ( t r i p h s n y l o . y  1 - 2 - ) p - x y l e n e  (XXXY).
The l i n e l y  powdered k e t o n e  ( 3 . 2  gm.) was p y r o l y s e d  in  two
p o r t i o n s  by h e a t i n g  in  a s u b l i m a t i o n  tube  a t  4 1 0 ° under  an
a tm o s p h e re  o f  c a rb o n  d i o x i d e .  The m o l ten  ke to n e  became d a r k e r
and  d r o p l e t s  o f  w a t e r  condensed  on the  c o o l e r  a r e a s  o f  th e  tu b e
a l o n g  w i t h  a p a l e  -yellow gum which  b o i l e d  o f f  from the  s u b l i m a t i o n
b o a t .  H e a t in g  was m a i n t a i n e d  u n t i l  no f u r t h e r  m o i s tu r e  was
e v o l v e d  ( 30 m i n e . ) .  The s u b l i m a t i o n  b o a t  c o n t a in e d  a d a rk
brown r e s i d u e  and t h i s  was r e t a i n e d  f o r  s u b l i m a t i o n .  The
y e l l o w  gum was removed from t h e  tu b e  w i t h  r e f l u x i n g  cyclohexane
and x y l e n e  and t h e  U.V. spec t rum  of  t h e  s o l u t i o n  i n d i c a t e d  a
s m a l l  amount o f  a  s u b s t i t u t e d  d i b e n s o t e t r a c e n e ,  u n r e a c t e d  k e to n e
and some t r i p h e n y l e n e . The brown r e s i d u e  was sublimed under  a
good vacuum y i e l d i n g  a t  2^0-300 (10 m.rn. Hg.)  a f u r t h e r  sm al l
amount o f  a  y e l lo w  gum and a t  370—4 1 0 ° an  o r an g e -y e l lo w  s u b l im a te
w hich  c r y s t a l l i s e d .  The t e m p e r a t u r e  was r a i s e d  t o  500° w i t h o u t
f u r t h e r  s u b l i m a t e .  The tu b e  was e x t r a c t e d  w i th  b o i l i n g  xy le n e
w hich  r e a d i l y  d i s s o l v e d  t h e  i n i t i a l  s u b l im a te  and th e  l e s s
s o l u b l e  o r a n g e - y e l lo w  n r o d u c t  was s c r a p e d  from the  tube  and
d r i e d .  R e s u b l i m a t i o n  under  good vacuum (10 m.m. Hg.) gave
a  p a l e  y e l lo w  orange  s o l i d  rn .p t .  3 9 8 -4 0 0  -which d i s s o l v e d  slowly
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  on h e a t i n g  to  g iv e  a l i g h t  t a n
m
c o l o u r .  M.S. m o l e c u l a r  i o n  / e  b7d and h^O.
Found C=95»06/'3, H=4*85/^
C H r e q u i r e s  0=95*17?c> H=4.83^
46 28
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A sample was r e  c r y s t a l l i s e d  from t r i c h i o r o b e n z e n e  y i e l d i n g  p a l e  
y e l l o v / - o r a n g e  n e e d l e s  which were used  f o r  a q u a n t i t a t i v e  U.V. 
spec trum*
Pound C=95*43fo, H=4.62£
C H r e q u i r e s  C=95.50£,  H «4 .5 ($
46  26 •
A t te m p ted  d e h y d r o g e n a t io n  u s in g  copper  powder
The h y d ro c a rb o n  (10 rag.) was povjde'red i n t i m a t e l y  w i t h  a c t i v e
o
cop p e r  powder (,0*5 gro») and t h e  m ix tu r e  h e a t e d  a t  2YC-300 f o r
-U
30 m i n u te s  under  c a rb o n  d i o x i d e :  A vacuum was a p p l i e d  (10 rn.iu. Hg.)
and t h e  t e m p e r a t u r e  r a i s e d  q u i c k l y  t o  35^°  and more s lo w ly  to  500°
An o range  y e l lo w  s u b l i m a t e  formed a t  4 OO0 and p roved  on U.V. 
e x a m i n a t i o n  t o  be unchanged s t a r t i n g  m a t e r i a l .  H e p e t i t i o n  o f  
t h e  above p r o c e d u r e  a t  a h i g h e r  t e m p e r a t u r e  (4 0 O0 ) r e s u l t e d  in  
th e  d e c o m p o s i t i o n  o f  t h e  hydrocarbon  as  no s u b l im a te  was o b s e rv ed .
T h i s  e v id e n c e  s u p p o r t s  t h e  a s s u m p t io n  t h a t  the  hydrocarbon  i s  the  
f u l l y  a r o m a t i c  t e t r a b e n z h e p t a p h e n e  and no t  a h y d r o d e r i v a t i v e .
2 , 4 , 3  - 'hr  ime t  hy lb  e n z ophe n o n e .
T h i s  was j j r e p a re d  by F r i e d e l —C r a f t s  c o n d e n s a t io n  o f  ben zo y l
11
c h l o r i d e  and pseudo-cumene a s  d e s c r i b e d  hy Cla r  and Frommel.
146.
2, 3~Pimeth.yl-4>-benzo)y l b e n z o i c  a c i d  ( L I l ) ,
The crude  k e t o n e  (210 gm.) was r e f l u x e d  i 'or  f o u r  days  with, 
a  s o l u t i o n  o f  220ml. c o n c e n t r a t e d  n i t r i c  a c i d  ( d = i . / ! 2 ) and 
1000ml.  o f  w a t e r  u n t i l  t h e  p a l e  y e l lo w  o r g a n i c  l a y e r  had sunk 
t o  t h e  bo t tom  o f  t h e '  f l a s k .  The a c i d  s o l u t i o n  'was d e c a n te d  
and  r e t a i n e d .  l'he‘ y e l lo w  orange gum was d i s s o l v e d  i n  d i l .  
sodium h y d ro x id e  g i v i n g  a wine r e d  s o l u t i o n  w hich  was th o r o u g h l y  
e x t r a c t e d  w i t h  e t h e r  t o  remove u n r e a c t e d  k e t o n e .  The r e s u l t i n g  
aqueous  a l k a l i n e  s o l u t i o n  was a c i d i f i e d  h o t  w i t h  conc. 
h y d r o c h l o r i c  a c i d  g i v i n g  an  orange gum. A f t e r  b o i l i n g  t h e  gum 
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  an hour and t r i t u r a t i n g  
w i t h  benzene  a p a l e  brown c r y s t a l l i n e  s o l i d  was o b t a i n e d  (6Ugm.) 
H e c r y s t a l l i s a t i o n  o f  a sample from d i l .  a c e t i c  a c i d  gave sm al l  
s q u a t  c o l o u r l e s s  p r i s m s  ra .p t .  192-193°  ( L i t .  151-152°  ?? )
w h ich  gave  a s a p p h i r e  b lu e  s o l u t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  
a c i d .
Found C=75»47/&* Hs 5«51/»
C H 0 r e q u i r e s  C=75»5^> H=5»55/‘)
16 14 3
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2 , 5 - M m s t h y ^ - b e n z o y l b e n z o y l  c h l o r i d e  ( I I  ) .
The crude a c id  ( 4 0 g . )  was r e f l u x e d  f o r  two hours w i t h  t h i o n y l  
c i i lo r i d e  (I20grn.) and a few drops p y r i d i n e .  The r e s u l t i n g  dark  
brown s o l u t i o n  was vacuum d i s t i l l e d  t o  remove e x c e s s  t h i o n y l  
c h l o r i d e  and benzene was added and t h i s  was a l s o  d i s t i l l e d  over  
t o  remove f i n a l  t r a c e s  o f  t n i o n y l  c h l o r i d e .  The a c id  c h lo r id e  
c o u ld  n o t  be r e c r y s t a l l i s e d  and was u sed  w i th o u t  f u r t h e r  p u r i f i c a t i o n .
2 -B enzoy  1 -5 -1  t r i p  he ny 1 oy 1 - 2 - )  p - x y le n e  (I.IY)
The crude a c id  c h lo r id e  (,7»5om») and powdered t r ip h e n y le n e  
(5&rn) were d i s s o l v e d  in  dry benzene ( 15m l.)  a t  35°* f i n e l y
powdered aluminium c h lo r id e  (4grns.) was added in  one p o r t i o n  w i th  
s t i r r i n g  and the tem p era tu re  was r a i s e d  to  ^ ^ - 6 0 ° .  The i n i t i a l  
g r e e n  c o lo u r  p e r s i s t e d  throughout even  w i t h  a d d i t io n  o f  f u r t h e r  
aluminium  c h lo r id e  ( i g m . ) .  The m elt  was decomposed w i t h  i c e  and 
d i l .  h y d r o c h lo r ic  a c id  and th e  benzene d i s t i l l e d  from th e  m ix tu r e .
The o r g a n ic  r e s id u e  was d i s s o l v e d  in  x y l e n e ,  washed w it h  d i l .  
ammonia and w a te r ,  f i l t e r e d  and tak en  t o  d r y n e s s ,  f r i x u r a t i o n  
w i t h  l i g h t  p e t r o l  ( 6U-0O) a f fo r d e d  l i g h t  brown s o l i d  (12gm .)  
w h ich  r e a d i l y  formed a gum on h e a l in g  or on a ttem p ted  rec r y ­
s t a l l i s a t i o n .  by t r i t u r a t i n g  a sample w i t h  acetone., and
re c r y s t a l l i s i n g  th e  r e s u l t i n g . s o l i d  from x y l e n e ,  sm a ll  r e g u la r
o
p a le  y e l l o w  squat p r ism s  w e r e o b ta in e d  m .p t .  254- 25b wnich
143 o
ga v e  a w in e - r e d  s o l u t i o n  w ith  c o n c e n tr a te d  s u lp d u r ic  a c id .
Found H-5.455&
C H 0 r e q u i r e s  C =87.90$, H=5.21%
34 24 2
P y r o l y s i s  o f  th e  k e to n e  (L IV ).
The crude m ix tu re  ( 6 g . )  was p y r o ly s e d  in  two p o r t i o n s  a s  
d e s c r i b e d  p r e v i o u s l y . A f t e r  30 nun s , th e  r e s id u e  from the
. -4
p y r o ly s is*  was su b lim ed  under good vacuum Q0- m.m. H g.)  and
gave  a l a r g e  amount o f  p a l e  ye 1107/ su b l im a te  betw een  200- 300° .
o 0At h ig h e r  te m p e r a tu r e s  33O -3 7 0  a sm a ll  amount o f  orange
s u b l im a te  was o b t a in e d .  No f u r t h e r  su b l im a te  occu red  up t o  
o
500 . The m ix tu re  o f  s u b l im a t e s  was d i s s o l v e d  in  x y le n e  and 
t h e  U .V . spectrum  i n d i c a t e d  m ain ly  t r ip h e n y le n e  and a t e t r a c e n e  
d e r i v a t i v e .  The e x t r a c t  was d r ied ^ c o n c en tr a ted ^ a n d  chromatographed  
o v er  Grade I  a lu m in a .  E lu t in g  w i th  cyc lo h e x a n e  y i e l d e d  an 
a lm o s t  c o l o u r l e s s  f i r s t  f r a c t i o n  c o n t a in in g  tr ip h e n y le n e ^  
and w i t h  b en zen e  a s e r i e s  o f  t r a c t i o n s  c o n t a in in g  b o th  tne  
t e t r a c e n e  d e r i v a t i v e  and t r i p h e n y l e n e . A sm a ll  amount o f  
orange p r o d u c t  p r e c i p i t a t e d  form tn e  l a t t e r  f r a c t i o n s  and 
th e  s o l u t i o n  in  c y c lo h e x a n e  showed X max. 44 o0 , 4200  ,
3960 , 3200 , 3060 5  which  i n d i c a t e d  an a l k y l  s u b s t i t u t e d  
d ib e n z o te t r a c e n e j h o w e v e r  i n s u f f i c i e n t  product was a v a i l a b l e  
f o r  d e h y d r o g e n a t io n .
149.
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RINGS CURRENTS -  CORRELATION BET’,VEEN CALCULATED and 
OBSERVED CHEMICAL SHIFTS.
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I n t r o d u c t i o n
I t  i s  g e n e r a l l y  found  t h a t  t h e  r i n g  p r o t o n s  a t t a c h e d  t o
benzene  and o t h e r  a r o m a t i c  h y d ro ca rb o n s  a r e  found a t  much
low er  f i e l d  t h a n  e t h y l e n i c  p r o t o n s ,  a l t h o u g h  f o r m a l l y  th e y
have t h e  same enviro.nmont • T h i s  i s  due t o  a  s eco n d a ry  m a g n e t i c
f i e l d  b e i n g  g e n e r a t e d  by the  c i r c u l a r  motion o f  t h e  f t  - e l e c t r o n s
a ro u n d  c l o s e d  c o n j u g a t e d  p a t h s  w i t h i n  t h e  m o lecu le  when p l a c e d
1
i n  t h e  a p p l i e d  f i e l d .  The new s econdary  f i e l d  t e n d s  t o  r e i n f o r c e
t h e  a p p l i e d  f i e l d  a t  t h e  p o s i t i o n  o f  t h e  hydrogen  atoms a t  the
edge o f  t h e  r i n g s  c a u s in g  t h e s e  a r o m a t i c  p r o t o n s  t o  r e s o n a t e  
2a t  lo w er  f i e l d s .
E x a m in a t io n  of  t h e  n . m . r .  s p e c t r a  o f  s e v e r a l  p o l y c y c l i c  a r o m a t i c
h y d r o c a r b o n s  and an a p p l i c a t i o n  o f  t h i s  r i n g  c u r r e n t  model p r e d i c t e d
t h e  o r d e r  i n  which  t h e  p r o t o n s  shou ld  a p p e a r  i n  th e  spec t rum ,
3
b u t  d i d  n o t  g i v e  a s a t i s f a c t o r y  v a l u e  f o r  the  s h i f t s .  However
a number o f  improvements have been  made s in c e  t h i s  i n i t i a l  p a p e r .
The s im p le  TC - e l e c t r o n  c u r r e n t  i d e a  was r e p l a c e d  by a b e t t e r
model w i t h  two c u r r e n t  l o o p s  n o t  i n  the  p la n e  o f  th e  r i n g  b u t
above and below th e  m o l e c u la r  p l a n e  w i th  a r a d i u s  eq u a l  to
45
t h a t  o f  t h e  c a r b o n - c a r b o n  bonds  in  b en ze n e .  I t  was a l s o  r e a l i s e d  
t h a t  t h e  r i n g  c u r r e n t s  a r e  no t  a l l  o f  th e  same magnitude b u t
6
t h a t  each  r i n g  i n  t h e  m olecu le  has  i t s  own p a r t i c u l a r  c u r r e n o ,
The t h e o r y  was p l a c e d  on a sounder  b a s i s  u s in g  a quantum 
m e c h a n ic a l  a p p ro ac h  w hich  a l lo w e d  t h e  r e l a t i v e  m agn i tudes
151.
7
o t t h e  r i n g ^ c u r r e n t s  t o  "be c a l c u l a t e d .  F u r t h e r  a d a p t a t i o n  o f
t h i s  i d e a  h a s  b e e n  u n d e r t a k e n  by s e v e r a l  authors ,  c u l m i n a t i n g
i n  t h e  Mh.Yeeny ’ r i n g  c u r r e n t *  t h e o r y  which  a l lo w s  t h e  r i n g
c u r r e n t  o f  a p a r t i c u l a r  r i n g  and  t  ne seco n d a ry  f i e l d  g e n e r a t e d
8a t  a  p a r t i c u l a r  p r o t o n  t o  be c a l c u l a t e d .
Very r e c e n t l y  t h i s  t h e o r y  h a s  b e e n  e x h a u s t i v e l y  i n v e s t i g a t e d
9
by E a i g h ,  M a l l io n  and Armour who examined t h e  n . m . r .  s p e c t r a  o f  
a  l a r g e  number o f  p o i y c y c l i c  a r o m a t i c  h y d ro c a rb o n s  i n  a  common 
s o l v e n t .  The o b s e rv e d  s h i f t s  o f  t h e  p r o t o n s  i n  t h e s e  m o lecu le s  
were  t h a n  compared w i t h  t h e  c a l c u l a t e d  v a l u e s  from t h e o r e t i c a l  
p r e d i c t i o n s  which  a l l o w e d  th e  development o f  t h e  s im p le  r e l a t i o n ­
s h i p .
\b s  = 5 ^ ( S , / H , b enzene)+ 4 .34
w here  H*/H*benzene i s  t h e  sigma r a t i o ,  o r  the  r a t i o  o f  t h e
s e c o n d a ry  f i e l d  a t  t h e  p r o t o n  under  c o n s i d e r a t i o n  t o  t h a t  o f
9a p r o t o n  i n  b e n z e n e .  The a c c u ra c y  o f  t h i s  method h a s  b e e n
10shown f u r t h e r  by M a l l i o n ,  who has e x t e n d e d  th e  c a l c u l a t i o n s  
t o  l a r g e r  m o l e c u le s  and found  a s i m i l a r  ag reement be tween  
c a l c u l a t e d  and o b s e rv e d  chem ica l  s h i f t s .
However t h i s  can on ly  be a p p l i e d  d i r e c t l y  t o  n o n -h in d e re d  
p r o t o n s  and t h e  d i f f e r e n c e  be tween  c a l c u l a t e d  and o bse rved  s h i f t s  
f o r  s t e r i c a l l y  hindered,  p r o t o n s  i s  no t  good.  N e v e r t h e l e s s  
a  com par ison  o f  t h e s e  h in d e re d  p r o t o n s  i n d i c a t e s  a f a i r l y
152.
c o n s t a n t  d e v i a t i o n  o f  0 .6 2  p .p .m . betw een  th e  ob served  and 
c a l c u l a t e d  s h i f t a n d  t a k in g  t h i s  f a c t o r  i n t o  c o n s id e r a t io n  
most o f  th e  h in d ered  p r o to n s  can be t r e a t e d  in  th e  normal manner?
Apart from th e  o b v io u s  v a lu e  o f  t h i s  method f o r  c a l c u l a t i n g
a c c u r a te  ch em ica l  s h i f t s  o f  p r o to n s  in  p o l y c y c l i c  a r o m a tic
h y d r o c a r b o n s ,  two t r e n d s  em erge. F i r s t l y  th e  r in g  c u r r e n ts
are  g e n e r a l l y  g r e a t e r  th a n  t h a t  o f  benzene but f a l l  o f f  r a p i d ly
w i t h  i n c r e a s i n g  c o n d e n s a t io n  to  the  p a r t i c u l a r  r in g '  in  q u e s t io n .^
S e c o n d ly  th e  main c o n t r i b u t i o n  to  th e  secon d ary  f i e l d  a t  any p ro ton
a r i s e s  from the most a d ja c e n t  r i n g s .  The c o n t r i b u t i o n  from any
p a r t i c u l a r  r in g  d e c r e a s i n g  r a p i d ly  w i t h  d i s t a n c e  from the  p ro to n  
11c o n c e rn ed .
In th e  work i n  t h i s  c h a p te r ,  th e  n .m .r .  s p e c t r a  o f  s e v e r a l  l a r g e  
p o l y c y c i i c  arom atic  hydrocarbons have b een  o b ta in e d ^ u s in g  carbon  
d . i s u lp h id e  a s  a s o l v e n t  and th e  computer o f  average  t r a n s i e n t s  
( C . A . T . t o  overcome the  low s o l u b i l i t y  e x h i b i t e d  by t h e s e  h ig h ly  
condensed, m o le c u le s .  With p a r t i c u l a r  i n t e r e s t  i n  th e  bay protons^  
w h ich  are  s h i f t e d  to  low f i e l d s  w ith  r e s p e c t  t o  o th e r  arom atic  
p r o t o n s  due t o  s t e r i c  i n t e r a c t i o n s ,  th e  ob served  ch em ica l  s h i f t s  
have b een  compared w i t h  th e  r e c e n t l y  c a l c u l a t e d  v a l u e s .
In  th e  f o l l o w i n g  d i s c u s s i o n  i t  i s  hoped t o  show th a t  th e r e  are  
some e x c e p t i o n s  t o  th e  f i r s t  tren d  m entioned  above . E vid en ce  
w h ich  su p p o r ts  th e  secon d  po in ty  has been  found on i n v e s t i g a t i o n  
o f  th e  s h i f t s  o f  th e  bay p r o to n s  o f  s e v e r a l  s e r i e s  o f  r e l a t e d
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compounds^in  which  th e  chem ica l  s h i f t  o f  p r o t o n s  in  the  same
en v i ro n m en t  r e m a in s  t h e  same^or show sm a l l  s h i f t s  t o  h i g h e r  f i e l d
when th e  a d d i t i o n a l  r i n g s  a re  d i s t a n t  from th e s e  p r o t o n s .
I t  i s  a l s o  hoped t o  i n d i c a t e  once more,  t h a t  i n  many c a s e s
12
s t r i c t  a p p l i c a t i o n  o f  Robinsons  a r o m a t i c  s e x t e t  t o  t h e s e  a r o m a t i c  
h y d r o c a r b o n s  goes  ‘a long  way t o  e x p l a i n i n g  th e  ob s e rv ed  p r o p e r t i e s  
o f  t h e s e  m o l e c u l e s .
■■■■-, ■ / "  V ;j ; . ' ; t U S  .■ ■ '■ ^
a j V ‘g-r,
' " ' ■ '' P " ‘ 7 ' 7
v ' ,  ; . .  b p  c a - g p  -■ •. h  - 7 :  7 .  r  •'
; a . '  p ; v - \ p  ’ ■ •
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D i s c u s s i o n
9
The most  r e c e n t  c a l c u l a t e d  chem ica l  s h i f t s  a r e  o f  p a r t i c u l a r
i n t e r e s t  a s  th e y  p r e d i c t  the  u n u s u a l l y  h igh  f i e l d  r e s o n a n c e  o f
t h e  hay  p r o t o n s  H , H , H and H o f  p e r y l e n e  ( l )  T ab le  1,
1 6  7 12 
The c a l c u l a t e d  r i n g  c u r r e n t  f o r  th e  middle r i n g  o f  p e r y l e n e  i s
0 . 2 3 9 , which  i s  on ly  a q u a r t e r  o f  t h e  v a l u e  f o r  bensene  ( u n i t y )
I t  i s  a l s o  found t h a t  t h e  s t e r i c  c o r r e c t i o n  f a c t o r  f o r  t h e s e  bay
p r o t o n s  i s  0 ,4 4  p . p .m .  which i s  s m a l l e r  t h a n  th e  ave ra ge  v a l u e
9
0 , 6 2  p . p . m .  found f o r  o t h e r  m o l e c u le s .
T h e r e f o r e  a c o m bina t ion  o f  t h e s e  two f a c t o r s  o f f e r s  f u r t h e r
e v id e n c e  f o r  c o n s i d e r i n g  p e r y l e n e  a s  two n a p h t h a l e n e  m o i t i e s
j o i n e d  by v i r t u a l l y  s i n g l e  bonds ,  a s  i n d i c a t e d  by t h e  x - r a y  
13a n a l y s i s .  The h ig h  f i e l d  r e s o n a n c e  o f  th e  bay p r o t o n s  r e s u l t s
from r e d u c e d  s t e r i c  i n t e r a c t i o n  due t o  th e  long  bond and the
s m a l l  r i n g  c u r r e n t  i n  th e  middle r i n g .  The l a t t e r  f a c t  b e in g
%
i n d i c a t e d  by m agne t ic  a n i s o t r o p y  measurements and by use o f  the  
a r o m a t i c  s e x t e t s  which a l lo w s  o n ly  two s e x t e t s  i n  t h e  p e r y l e n e  
m o lecu le  a s  shown ( l a ) .
However t h i s  i s  n o t  t h e  case  f o r  l s l 2~ bensope ry lene  ( i l )
i n  which t h e  bay p r o t o n s  H and H a r e  f o r m a l l y  i n  th e  same en—
6 7 . , / v i ro n m e n t  y e t  r e s o n a t e  a t  much lower  f i e l d  (O.o p . p .m .  d o w n f ie ld
15from p e r y l e n e ) .  The midd le  r i n g  has  been  f u r t h e r  condensed  y e t
11 , . 
t h e  c a l c u l a t e d  r i n g  c u r r e n t  i s  0 ,6 8 4  and a l t h o u g h  sm al l  m
com par ison  w i t h  benzene  i s  s t i l l  t h r e e  t i m e s  t h a t  o f  p e r y l e n e .
( I a )
3
(II) (II
( I V a )
(V)
\  11T h i s  example t h e r e f o r e  a p p e a r s  t o  c o n t r a d i c t  th e  f i r s t  t r e a d *
An e x p l a n a t i o n  i s  o f f e r e d  by a p p l i c a t io n ,  o f  t h e  s e x t e t  p r i n c i p l e  
ivhereby t h e  e x t r a  r i n g  h a s  i n t r o d u c e d  a  t h i r d  i n h e r e n t  s e x t e t  t o  
th e  m o l e c u le  w i th  s u b s e n u s n t  1 o r a l i s a t i o n  o f  th e s e  t h r e e  i n h e r e n t  
s e x t e t s *  T h i s  i s  a l s o  b o rne  out  by t h s  c a l c u l a t e d  r i n g  c u r r e n t  
i n t e n s i t i e s  f o r  t h e s e  r i n g s ^  1=1 .292  and D « 1 . 3 f i 0 , ( l l  ) ,  t h e  fo rm er 
b e i n g  much g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  v a lu e  o f  0*972 f o r  r i n g  
A o f  p e r y l e n e .
”12,16 , x , x 
Tne x - r a y  s t r u c t u r e  a n a l y s e s  Jo f  (X) and ( I I )  a l s o  i n d i c a t e
t h a t  t h e r e  s h o u ld  be more s t e r i c  i n t e r a c t i o n  be tween  t h s  bay
o
p r o t o n s  o f  1 : 12 - b e n s o p e r y l e n e  a s  t h e  c e n t r a l  bond l e n g t h  i s  1 . 4 BA
0
compared w i t h  I . 5OA i n  p e r y l e n e .  B oth  t h e  e x p e r i m e n t a l  c o n d i t i o n s
17
and  t h e  t h e o r e t i c a l  p r e d i c t i o n s  f o r  t h e  r e l a t i v e  e a s e  o f  b e n s o -  
g e n i c  d i e n e  a d d i t i o n  o f  m a l e i c  a n h y d r id e  t o  ( l )  and  ( l l )  i n d i c a t e  
t h a t  t h e  midd le  r i n g  o f  ( l l )  must have more b e n z e n o id  c h a r a c t e r  
t h a n  p e r y l e n e .
One would t h e r e f o r e  expec t  t h a t  t h e  l a r g e r  r i n g  c u r r e n t s  and 
s t e r i c  i n t e r a c t i o n  would r e s u l t  i n  t n e  bay  p r o t o n s  o f  ( l l )  
r e s o n a t i n g  a t  lower  f i e l d  t h a n  in  p e r y le n e  a s  i s  i n  f a c t  t h e  c a s e .
R ecen t  c a l c u . l a t i o n s ^ i a v e  shown t h a t  t h e  r i n g  c u r r e n t  i n  th e  
midd le  r i n g  o f  p e ropy rene  (TT) i s  1 .446  w hich  i s  a s  h ig h  a s  the
9 ,  xo u t e r  r i n g s  of  coronene (V).  As i n  t h e  case  o f  l : 1 2 - b e n s o -
p e r y l e n e  I I  t h i s  c o n t r a d i c t s  t h e  t r e n d  whereby c o n d e n s a t io n  to
11
a rin'-- d im i n i s h e s  t h e  r i n g  c u r r e n t  c o n t r i b u t i o n .
Compounds in CS^  
at 100 M.Hs
Aromatic proton sh if t s  in Hz. exo T.M.S.
Bay protons
Obs. Calcft
Other protons
S
c
^ , 6 ,7 ,1 2  
(d.d )
Jo=7,Jm=1 .2
»
305 811 *3,4 ,9 ,10 757(d*d) 
J =8 .4 , J =1.40 m 
*2 , 5 , 8 , 1 1  735( d'd) 
J 2,3=8 -7 ’J1,2=7 -6
9 f to r
H6 J  ( d*d>
J0 -7 .5 ,J b-1.4
382 8 9 6 8 1 9 ( s )
H3,10 803 V 7 * 5 ’ ^ 1 ' 4  
H4)9 798(s ) jH2>8 795(s)i
H g 788(t) J=7.5
C.A.T.
H5,6,12,13
(doublet)J=9«C
915 9 0 0 *4,7,11,14 832 ( doublet) 
J= 9.0
* 1 ,3 ,5 , 8  827 
H2,9 825
H6,13
( doublet)J=9*0
V , 4 "
(m)
505
338
H 888(d.d.) J=7.5 
Hl l t l „ 8 8 2 (0 ) ^ ^ 8 1 6  
(d,d)J=7.5jH_ 14 803 
(doublet)J=9.0; H n 799 
( t) j= 7 .5 i  H2, 3 3„ 768(a)
C.A.T.
*5,12
(doublet,)J=9.5
H2 ' , 2 "
(a .a )Jo=7.5
J = 1 . 0  ra
542
923
1i------
H2 , 3,9,10 843^ »
H4,12 832(d*d) J=9*5 
H4 , 826(d.d) J=7.5
H5 , )5„ 8 2 1 ( s )}H 3 , 809 J=7.5
Table 1*
Hoi/ever t h i s  i s  r e a d i l y  e x p l a i n e d  cry a p p l i c a t i o n  o f  t h e  a rom a t i  
s e x t e t  whereby p e ro p y re n e  i s  b e s t  f o r m u l a t e d  w i t h  t h r e e  i n h e r e n t  
s e x t e t s ,  one of  which  i s  i n  t h e  c e n t r a l  r i n g  as  shown (TVa).  
T h e r e f o r e  one would ex p e c t  a f a r  l a r g e r  r i n g  c u r r e n t  f o r  t h i s  ■ 
r i n g  and s u b s e q u e n t l y  th e  bay p r o t o n s  a r e  c a l c u l a t e d  t o  be a t  
low er  f i e l d  t h a n  th e  a fo r e m e n t i o n e d  bay p r o t o n s  o f  ( i )  and ( l l ) .
The o bse rved  spec t rum  o f  p e ro p y re n e  shows a low f i e l d  d o u b le t  
a t  915 Hz. due t o  p r o t o n s  H ,H ,H ,H and w i t h J =9*5 Hz.
5 6 12 -j 13 4 , 5
T a b le  1.  T h i s  co n f i rm s  th e  c a l c u l a t e d  v a l u e  and a l s o  p r o v i d e s
f u r t h e r  s u p p o r t  f o r  t h e  s e x t e t  t h e o r y  w hich  n o t  on ly  p r e d i c t s
h i g h  b e n z e n o id  c h a r a c t e r  f o r  t h e  t h r e e  r i n g s  i n  p e ro p y re n e  as
shown, b u t  a  h igh deg ree  o f  double  bond c h a r a c t e r  i n  t h e  p o s i t i o n s
4 , 5 ,  6 , 7 ,  11 ,12 ,  1 3 ,1 4 ,  borne  ou t  by t h e  l a r g e  c o u p l i n g  c o n s t a n t
o f  9 .5  Hz. I t  a l s o  e x p l a i n s  why p e ro p y re n e  does  no t  r e a c t  w i t h
17
m a l e i c  a n h y d r id e ,  e x a c t l y  a s  p r e d i c t e d  by M.O. c a l c u l a t i o n s .
A l though  a s  y e t ,  no c a l c u l a t i o n s  a r e  a v a i l a b l e  f o r  compar ison ,  
t h e  same s i t u a t i o n  i s  o b s e rv ed  from th e  s p e c t r a  o f  t h e  sym m e tr ica l  
d e r i v a t i v e s  o f  p e r o p y r e n e ,  compounds (Vi) and ( V I I ) . Tab le 2 .
Once more co u p l in g  c o n s t a n t s  J  =J =9.0Ilz.  i n ( V l )  and
6 , 7  13,14
j  _ j  = 9 , 5Hz. i n  (V I l )  con f i rm  a f o r m u l a t i o n  f o r  t h e s e
4,15 11,12
m o le c u le s  v / i th  t h e  maximum number o f  s e x t e t s  a s  shov/n. The
c o u p l in g  c o n s t a n t s  J  = J = 7 .5Hz.  f o r  r i n g  A o f  (V i)
2 ' , 3 '  3 ' , 4 ’ 15
a r e  t y p i c a l  v a l u e s  f o r  p r o t o n s  a t t a c h e d  t o  an i n h e r e n t  s e x t e t
Table  1.
(V III)
(X)
157.
The bay p r o t o n s  H ,H and H , H  o f  (Vi) a re  no t  a t  a s  low 
6 13 4 '  4 "
f i e l d  a s  th e  c o r r e s p o n d in g  p r o t o n s  H , II and H , H o f  ( V I l ) ,
5 12  2 ' 2 " 
a l t  Hough e f f e c t i v e l y  i n  s i m i l a r  e n v i ro n m e n t s .  In f a c t  the  bay
p r o t o n s  H , H o f  (Vi)  a r e  t o  h i g h  f i e l d  o f  th e  p r o t o n s  H ,
6 13 5
H o f  p e ro n y ra n e  d e s p i t e  t h e  f a c t  t h a t  t h e y  a r e  much more 
12
s t e r i c a l l y  h i n d e r e d  and can be c o n s i d e r e d  a s  H (X 4 p r o t o n s
/ J9( M a r t i n  t e r m i n o l o g y ) .
I n t e r a c t i o n s  be tween th e  H GC 4 p r o t o n s  II , K o f  3 , 4 - b e n z o -
5 ’ 4
p h e n a n t h r e n e  ( V I I I )  a r e  s u f f i c i e n t l y  l a r g e  t o  f o r c e  the  molecule  
i n t o  a n o n - p l a n a r  c o n f i g u r a t i o n  and t u e s e  p r o t o n s  r e s o n a t e  a t  low 
f i e l d  888Hz.
20 , ,
The x - r a y  a n a l y s i s  o f  (VII)  shov/s t h a t  t h e  m o lecu le  does  adopt
a d i s t o r t e d  s t r u c t u r e  t o  a l l e v i a t e  t h e s e  i n t e r a c t i o n s ,  and a l t h o u g h
an  x - r a y  a n a l y s i s  of  (Vi)  ha s  no t  been  u n d e r t a k e n ,  t h i s  must
a l s o  a d o p t  a d i s t o r t e d  s t r u c t u r e  t o  min im ise  i n t e r a c t i o n s .  As
a r e s u l t  o f  t h i s ,  one would be d e a l i n g  w i t h  a n o n - c o p l a n a r  molecu le
and t h i s  i s  th o u g h t  t o  r e s u l t  i n  a l o s s  o f  a r o m a t i c  c h a r a c t e r
and s u b s e q u e n t l y  a r e d u c t i o n  i n  th e  e f f e c t i v e  r i n g  c u r r e n t .
A l though  t h i s  i s  no t  t h e  case  f o r  ( V I l ) ,  the  m olecu le  (VI) i s
l e s s  condensed and may be a b l e  t o  a d o p t  a more d i s t o r t e d  s t r u c t u r e
21
r e s u l t i n g  i n  a l o s s  o f  r i n g  c u r r e n t .
T h e r e f o re  d e s p i t e  th e  f a c t  t h a t  two l i n e a r l y  a n n e l l a t e d  r i n g s  
have been  added,  i n t r o d u c i n g  two new i n h e r e n t  s e x t e t s  w i t h
Compounds in CS^ Aromatic proton sh if ts  in Hz. exo T*M.S.
at 100 M. Hz* Bay protons Other protons
CO
”1 ,4 ,5 ,8  7 6 7  
H2 ,3 ,6 ,7  731
cco
H9,10 830 
”1 ,4 ,5 ,8  793 
H2,3 ,6 ,7  724
coco
”5,6 ,11 ,12  852 
Hl ,4 ,7 ,1 0  786 
”2 ,3 ,8 ,9  729
Hj, v , 872 
\ l 2  810
H3,9 819 ”5,11 750 
H4 ',4«  794 H2 ' , 3 ' ,3",2" 730 
H4,10 783
[S o
h 1, 4 " 860 
“7,12 816
”3,4 832 ”8,11 754 
Hl i ,,4* 785 H2, ,3 ' ,2 " ,3 ’’ 731 
H9 ,lo  774
s
”1 , 6 , 7 , 1 2
8 0 5
'
I
”3 ,4 ,9 ,10 757 
”2 , 5 , 8 , 1 1  735
Table 2.
158.
an  i n c r e a s e  in  ove rc row d ing  a t  th e  bay p o s i t i o n s ,  th e  p r o t o n s  
i n  g e n e r a l  have s h i f t e d  t o  h ig h  f i e l d  r e l a t i v e  t o  p e ro p y r e n e .
Ih  t h e  l i g h t  o f  (V II)  t h i s  co u ld  on ly  occu r  by d im in i s h e d  ring- 
c u r r e n t  i n  (Vi) compared w i t h  b o th  p e ro p y re n e  ( iV) and ( V I l ) .
A s i m i l a r  s i t u a t i o n  a r i s e s  i n  the  chem ica l  s h i f t s  obse rved  
from t h e  s p e c t r a  of  l i n e a r  b e n z o lo g u e s  o f  p e r y l e n e .  The s p e c t r a  ■
01 t h e  two s y m m e t r i c a l l y  s u b s t i t u t e d  compounds, l , 2 : 7 > (o—d ib e n z o p e r y l e n e ( lX
and l , 2 : 5 >6 - d i b e n s o p e r y l e n e  (x) have been  a n a l y s e d  and th e  r e s u l t s
a r e  shown i n  Tab le 2.
Once a g a i n  d e s p i t e  t h e  f a c t  t h a t  the  bay  p r o t o n s  H ,H o f
6 12
(IX) and H ,H o f  ( X) a r e  i n  e x t r e m e l y  overcrowded  p o s i t i o n s ,  i
7 12
t h e y  show only  sm al l  s h i f t s  t o  I ovj f i e l d  compared to  th e  
c o r r e s p o n d i n g  p r o t o n s  i n  p e r y l e n e .  The o t h e r  overcrowded p r o t o n s
i
H ,H and H , H a l s o  r e s o n a t e  t o  h igh  f i e l d  o f  th e  c o r r e s p o n d in g  j
1 1 1 * 4 "  
p r o t o n s  i n  3>4-^en2°P1:ienan't kr e n e «
The chem ica l  s h i f t s  o f  the  o t h e r  u n h in d e re d  p r o t o n s  in  t h e s e  
m o l e c u le s  and in  p e r y l e n e  i t s e l f  a r e  compared w i t h  the  c o r r e s p o n d in g  
p r o t o n s  i n  n a p h t h a l e n e  , a n th ra c e n e  and t e t r a c e n e ,  and a p a r t  
from th e  p r o t o n s  a c t u a l l y  a t t a c h e d  t o  t h e  p e r y l e n e  p a r t  of  t h e  j
m o l e c u le ,  have a lm os t  i d e n t i c a l  chem ica l  s h i f t s  a s  i n  t h e  p a r e n t  j
h y d ro c a rb o n s  Tab le  2.
The s h i f t  t o  low f i e l d  o f  th e  p r o t o n s  which  a r e  a t t a c h e d  to  |
t h e  p e r y l e n e  p a r t  o f  t h e  molecule r e l a t i v e  t o  p e r y l e n e  i n d i c a t e
i
an  i n c r e a s e  in  the  r i n g  c u r r e n t  i n  t h e s e  m o l e c u le s .  Yet th e
3“' 3""l«|l Jill
oT To ntinit
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c h e m ic a l  s h i f t s  01 t h e  hay p r o t o n s  have h a rd ly  been  a l t e r e d  
d e s p i t e  t h e  f a c t  t h a t  the y  a r e  i u r t h e r  s t e r i c a l l y  h indered#
I n  t h i s  c a s e j  however th e  long  middle bonds w i l l  r educe  t h e  
s t o r i c  i n t e r a c t i o n  and d i s t o r t i o n  01 t h e  molecule w i l l  occur  
more e a s i l y .  N e v e r t h e l e s s  th e  o v e r a l l  e f f e c t  o f . l i n e a r  a n n e l l a t i o n  
seems t o  have l i t t l e  e f f e c t  on t h e  bay p r o t o n s  i n  t h e s e  t h r e e  
m o l e c u l e s
The s p e c t r a  o f  th e  a n g u l a r l y  a n n e l l a t e d  'bensologues  o f  
p e r y l e n e  were a l s o  i n v e s t i g a t e d  i n  o r d e r  t o  compare th e  e f f e c t s  
o f  a n g u l a r  and l i n e a r  a n n e l l a t i o n .  C a l c u l a t i o n s  o f  th e  r i n g
/ X 11c u r r e n t  o f  2 , j - b e n z o p e r y l e n e  (Xlj  have a l r e a d y  been  p u b l i s h e d
and p r e d i c t  a  v e r y  sm a l l  r i n g  c u r r e n t  0 .2 3 6  f o r  t h e  middle r i n g .
The s p e c t r a  o f  ( X I l ) , ( X I I l )  and (XIV) have been a n a ly s e d  and
t h e  r e s u l t s  a r e  shown i n  Tab le  3 a l o n g  w i th  the  l a t e s t  c a l c u l a t e d  
22v a l u e s .  I n  each case  t h e  middle  r i n g s  have a v e ry  smal l  r i n g  
c u r r e n t  and i t  seems r e a s o n a b l e  to  conc lude  t h a t  a l l  the  t r u e  
p e r y l e n e  d e r i v a t i v e s  have t h i s  type  o f  s t r u c t u r e  w i t h  low e l e c t r o n  
d e n s i t y  and long  bonds  in  the  midd le  r i n g .
However d e s o i t e  t h e  f a c t  t h a t  the  r i n g  c u r r e n t  i n  th e  middle 
r i n g s  a r e  lower t h a n  th e  v a l u e  f o r  p e r y l e n e ,  th e  bay p r o t o n s  
a r e  s h i f t e d  t o  low f i e l d  compared w i t h  the  c o r r e s p o n d in g  p r o t o n s  
i n  p e r y l e n e ,  even where t h e y  a r e  i n  e x a c t l y  ana logous  chem ical  
e n v i ro n m e n ts  ( X I I l ) .  -
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(VIII)
(X)
Compounds in CS^ Aromatic proton sh if t s  in Hz* exo T.M.S.
at 100 M. Hz. Bay protons Other protons
00
*1,4.5,8 767
H2,3 ,6 ,7  7 3 1
000
H9,10 8 3 0  
*1,4,5,8 793 
*2 ,3 ,6 ,7  7 2 4
0000
*5 , 6 , 1 1 , 1 2  8 8 2  
Hl ,4 ,7 ,1 0  7 8 6  
H2 ,3 ,8 ,9  7 2 9
000
060
Hx , v , 872 
H6 , 1 2  8 1 0
H3,9 8 1 9  H5 , l l  750 
H4 ’ ,4" 794 H2',3 ',3" ,2"  7 3 0  
H4,10 783
[ S o
H i,i4„ 8 6 0  
H7 , 1 2  816
H3,4 832 *8 , 1 1  754 
H1 ",4' 7 8 5  H2 ',3 ',2" ,3"  731 
*9 , 1 0  774
s
Hl ,6 ,7 ,1 2
8 0 5
•
1V
*3,4,9,10 7 5 7  
*2 , 5 , 8 , 1 1  7 3 5
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160 .
The a n g u l a r  a d d i t i o n  o f  a r i n g  a l s o  r e s u l t s  i n  th e  f o r m a t io n  
o f  a new i n h e r e n t  s e x t e t  w i t h  a c o r r e s p o n d i n g l y  h ig h  r i n g  c u r r e n t  
i n  t h i s  r i n g .  T h i s  i s  borne  ou t  by t b e  c a l c u l a t i o n s  whicn  i n d i c a t e  
a h ig h  r i n g  c u r r e n t  f o r  t h o s e  r i n g s  which a re  a l s o  i n h e r e n t  
s e x t e t s .  T h e r e f o r e  t h e  bay p r o t o n s  a r e  found a t  lower  f i e l d s  
t h a n  t h o s e  o f  l i n e a r l y  a n n e l l a t e d  p e r y l e n e s  or p e r y l e n e  i t s e l f .
The spec t rum o f  2 , 3 s4 > 3 ; 8 , 9 s l - ;y l l - t e t r a b e n z o p e r y l e n e  ( X I I l )  
i s  a l s o  o f  i n t e r e s t  as  i t  con f i rm s  th e  a s s i g n e d  s t r u c t u r e  
and has  K & A p r o t o n s  a t  th e  4 % 4 ,,j 4 ! ! ' 4 f l l t  p o s i t i o n s .
The o bse rved  chem ica l  s h i f t  o f  t h e s e  p r o t o n s  {8^1 Hz) i s  s i m i l a r  
t o  t h e  s h i f t  o f  t h e  bay p r o t o n s  II , H o f  3 >4 ~ henzonhenan threne
5 4 ’
( V I I l )  888  Hz. The s i m i l a r  v a l u e s  i n d i c a t e  t h a t  t h e  end r i n g s  
o f  t e t r a b e n z o p e r y l e n e  must be d i s t o r t e d  ou t  o f  the  p la n e  o f  th e  
m o le c u le  a s  i s  t h e  case  f o r  3 , 4 - h e n z o p h e n a n th re n e ,  T h i s  a l s o  
s u p p o r t s  t h e  d e d u c t i o n s  made from ex a m in a t io n  o f  t h e  U.V. spec trum 
o f  ( X I I I ) ,  which showed c h a r a c t e r i s t i c  b ro a d e n in g  and a hypsochromic  
s h i f t  o f  t h e  a b s o r p t i o n  maxima, b u t  f o r  which a q u a n t i t a t i v e  
measurement o f  th e  overcrowding  co u ld  no t  be made a s  th e  (X~ bands 
were h id d e n  by the  more i n t e n s e  p - b a n d s .
F i n a l l y ,  t h e  i n t e r e s t  i n  th e  bay p r o t o n s  of  t h e s e  a ro m a t ic  
h y d ro c a rb o n s  h a s  l e d  to  t h e  i n v e s t i g a t i o n  o f  s e v e r a l  more compounds 
whose n . m . r .  s p e c t r a  have h i t h e r t o  n o t  been  a n a l y s e d .  In  th e  
s e r i e s  o f  s e v e r a l  o f  t h e s e  compounds (XV-XXIIl) l i n e a r  a n n e l l a t i o n  
o f  r i n g s  to  th e  p a r e n t  compound r e s u l t s  i n  smal l  s h i f t s  o f  th e


161.
bay  p r o t o n s  t o  h ig h  f i e l d  (marked w i t h  d o t s ) .  T h i s  conf i rm s  
t h a t  t h e  main c o n t r i b u t i o n  t o  th e  s econda ry  f i e l d  a t  a fdven  
p r o t o n  i s  from th e  im m ed ia te ly  a d j a c e n t  r i n g s ,  the  c o n t r i b u t i o n  
from any p a r t i c u l a r  r i n g  f a l l i n g  o f  r a p i d l y  w i t h  d i s t a n c e  from 
t h e  p r o t o n  c o n c e rn e d .
I t  i s  t o  be hoped t h a t  f u r t h e r  c a l c u l a t i o n s  w i l l  be u n d e r ta k en ,  
a s  th e  n . r a . r .  s p e c t r a  o f  many o f  t h e s e  l a r g e r  p o l y c y c l i c  a ro m a t ic  
h y d ro c a rb o n s  a re  now a v a i l a b l e  and t h a t  t e c h n i q u e s  a r e  b e i n g  . 
d ev e lo p ed  which e n ab le  s p e c t r a  o f  even  t h e  v e r y  i n s o l u b l e  compounds 
t o  be r u n .  T h i s  w e a l t h  o f  c a l c u l a t e d  and o bse rved  i n f o r m a t i o n  
can be compared w i t h  t h a t  amassed from the  e l e c t r o n i c  a b s o r p t i o n  
s p e c t r a  and shou ld  l e a d  to  f u r t h e r  i n s i g h t  i n t o  th e  e l e c t r o n i c  
a r rangem en t  w i t h i n  t h e s e  m o l e c u l e s .
BIBLIOGRAPHY
162.
C h a p te r  1.
1) G.M. B a d g e r ,  The S t r u c t u r e  and  R e a c t i o n s  o f  t h e  A rom at ic
Compounds, Cambridge U n i v e r s i t y  P r e s s ,  1957» C hap t .  5*
2) J . A .  P o p l e ,  W.G. S c h n e i d e r  and H . J .  B e r n s t e i n ,  High
R e s o l u t i o n  N u c l e a r  M ag n e t i c  R eso n an ce ,  M cGraw-H i l l ,
1959,  Chapt .  5 .
3)  P .A .  Bovey,  N u c l e a r  M ag n e t i c  Resonance  S p e c t r o s c o p y ,
Academic P r e s s ,  Hew York and  London,  1969,  P .  4 8 ,  148
4 ) A.A. B o th n e r -B y  and C. N a a r - C o l i n ,  J .  Am. Chem. S o c . ,  8 3 ,
2 3 1 , ( 1 9 6 1 ) .
5 ) R.W. F e s s e n d e n  and  J . S .  Waugh, J .  Chem. P h y s . ,  30,, 944,  (1959)  *
6) H. R o t t e n d o r f  and S . S t e r n h e l l ,  A u s t .  J .  Chem., 1 1 , 1 3 1 5 , ( 1 9 6 4 ) .
7)  B. C l a r ,  B.A. LIcAndrevj and  K. Z a n d e r ,  T e t ,  2 3 , 985,  (19^7 ) •
8) P .  Durand,  J .  P a r e l l o ,  N .P ,  Buu-Hoi and L.  A l a i s ,  B u l l .  Soc.
Chim. F r . ,  ^  2438, ( 1 9 6 3 ) .
9) E.  C l a r ,  A. McCallum and R.A. R o b e r t s o n ,  T e t . ,  18 ,  1471,  (1962) ;
E. C l a r ,  i b i d . ,  _9, 202,  ( i 9 6 0 ) .
10)  E.  C l a r  and  A. M u l l e n ,  T e t . ,  24, 6719,  ( 1 9 6 8 ) .
11) E.  C la r  and C.C. Mackay,  T e t .  L e t t . ,  JQ ,  871,  ( 1 9 7 0 ) .
12) E.  C l a r ,  P o l y c y c l i c  H y d ro ca rb o n s ,  Academic P r e s s  and S p r i n g e r -
V e r l a g ,  1964,  V ol .  1,  p .  38-39*
1 3)  H. Akamatu and M. K i n o s h i t a ,  B u l l .  Soc.  J a p a n ,  32., 774,  ( 1 9 5 9 ) .
14) E.  C l a r ,  J . F .  G uye-V u i l lem e ,  A. McCallum and I .A  HacPherson ,
T e t . ,  19 ,  2 1 8 5 ,  ( 1 9 6 3 ) ;  S . C l a r ,  B.A.  McAndrew and J . F .  Stephen
ib id ,  26_9 5465, (1970).
163.
15) S . C l a r ,  A. M u l le n  and ,  U .S a n i g o k ,  T e t . ,  2^ ,  5639? ( 1 9 6 9 ) .
16) H. C l a r ,  U .S a n i g o k  and M .Zander ,  T e t . ,  ^ 4 ,  2817 ,  ( 1 9 6 8 ) .
17) J . P .  Y/ibaut and J .  van  D i j k ,  Rec .  t r a v .  Chim.,  6 5 » 412 ,  (1 9 4 6 ) ;
L.U. Karapschmidt and  J . P .  7 / ib au t ,  R e c . t r a v .  Ch im . ,
21, 4 3 1 , ( 1 9 5 4 ) .
18) E . C l a r ,  B.A. I'cAndrev; and  U. S a n ig o k ,  T e t . ,  26 , 2099,  ( 1 9 7 0 ) .
19) S. Mahmood A l i ,  K.K. P r a s a d ,  A.V.B.  Sankaram and  G.S .  S idhu ,
T e t .  L e t t . ,  2£,  2 3 0 5 , ( l 9 7 l ) .
20) I I .P .  Y / i l l i a m s o n ,  R . J .  K o s t e l n i k  and S.M. C a s t e l l a n o ,  J .  Chem.
P h y s .  42> 2218,  ( 1 9 5 8 ) .
21) D . J .  B l e a r s ,  S .S .  Danyluk and  T. S c h a e f e r ,  Canad. J .  Chem.,
4 6 , 6 5 4 , ( 1 9 5 8 ) .
22) B.A.  HcAndrew, P h .D .  T h e s i s ,  Glasgow, 1967*
2 3 ) H .Vollmann,  H. B e c k e r ,  M. C o r r e l l  and  H. S t reec lc ,  L e i b i g s  A nn . ,
531 ,  33,  59 ,  62 ,  72 ,  ( 1 9 3 7 ) .
24) K. T o r i  and K. O g a ta ,  Chem. Pharm. B u l l .  (Tokyo) , 1 2 , 272,
( 1 9 6 4 ) .
2 5 ) J . A .  E l r i d g e  and  P.D .  R a lp h ,  J .  Chem. Soc.  (B ) ,  249,  ( 1 9 6 6 ) .
26) J . A .  P o p l e ,  V/.G. S c h n e i d e r  and H . J .  B e r n s t e i n ,  High R e s o l u t i o n
N u c l e a r  M a g n e t i c  R esonance ,  McGraw-Hil l ,  1959,  p .  137*
.27) S. S t e r n h e l l ,  Q u a r t .  R e v . ,  23,  p .  236-270 ,  ( 1 9 6 9 ) .
28) M . J . S .  Dewar and  R.C. Fahey ,  J.Am.Chem. S o c . ,  8£,  2704,  ( 1 9 6 3 ) .
29) P.M. H a i r  and  G. Gopakumar,  T e t .  L e t t . ,  13,  709,  ( 1 9 6 4 ) .
30)  P .M .E.  Lewis ,  T e t .  L e t t . ,  21,  1859,  ( l 9 7 l ) .
164.
0 .  J a c o b s e n ,  B e r .  d t s c h .  chem. Ges.  1 7 , 2372,  ( 1 8 8 4 ) .
P .  J a n n a s c h ,  i b i d  10, 1357,  ( 1 8 7 7 ) .
R. F i t t i g ,  V/. A hrens  and L.  l l a t t h e i d e s ,  L i e b i g s  A nn . ,  147.,
2 5 , ( 1 8 6 8 ) .
M. HUbner and  O .Y /a l lach ,  L i e b i g s  A nn . ,  1 5 4 , 293,  ( 1 8 7 0 ) .
A.K. M i l l e r ,  -J .  Chem. S o c . ,  61,  1023,  ( 1 8 9 2 ) .
J . B .  S c h o e s m i th  and  H. R u b l i ,  J .  Chem. S o c . ,  2_, 3102 ,  ( 1 9 2 7 ) .
G. H e l l e r  and K. S c h u lk e ,  B e r .  d t s c h .  chem. G e s . ,  4JL, 4635 ,
( 1 9 0 8 ) .
R.H. M izzon i  and  P .E .  S p o e r r i ,  J .  Am. Chem. S o c . ,  2201,
( 1 9 5 4 ) .
0 .  P o p p e n b e rg ,  B e r .  d t s c h .  chem. G e s . ,  3 4 , 3265,  ( 1 9 0 1 ) .
C.G. O v e r b e r g e r ,  H.R. Byrd  and  R.B. M e s ro b ia n ,  J .  Am. Chem.
S o c . ,  78 ,  1961,  ( 1 9 5 6 ) .
E.  C l a r ,  B e r .  d t s c h .  chern. G e s . ,  2 6 ,  609 ,  ( 1 9 4 3 ) .
P . J .  MacDonald,  B . S c .  T h e s i s ,  Glasgow 1967.
K. E l b s  and H. E u r i c h  B e r .  d t s c h .  chem. Ges.  20,  361,  ( 1 8 8 7 ) .  
R.D. Haworth and G. S h e l d r i c k ,  J .  Chem. S o c . ,  2[, 1950 ( 1 9 3 4 ) .
0 .  D i e l s  and  K. A ld e r ,  L i e b i g s  A nn . ,  4 8 6 , 191,  ( 1 9 3 1 ) .
0 .  F i s c h e r  and A. Sap p e r ,  J .  P r a k t .  Chem., ( 2 ) ,  83_, 205,  ( l 9 1 l ) .  
R.G.  J o n e s  And H. Gilman,  Org.  R e a c t . ,  6j  352,  ( l 9 5 l ) «
V. V e s e ly  and F.  S t u r s a ,  C o l l .  Czec.  Comm. 4., 21 ,  ( 1 9 3 2 ) .
K. Z i e g l e r  and P .  Tiernann,  B e r ,  d t s c h ,  chem. Ges.  8 5 , 3410,  
( 1 9 5 2 ) .
50) A. C la u s ,  J .  P r a k t .  Chem., 4 1 ,  409 ,  ( 1 890 ) .
165.
51) L. G at te r rnann ,  L i e b i g s  A nn . ,  2 4 4 , 53 ,  ( 1 8 8 8 ) .
52) G.T.  Morgan and  E.A.  Cou lson ,  J .  Chem. S o c . ,  .2, 2323,  ( 1 9 3 1 ) .
53) K. Auwers and A. K o c k r i t z ,  L i e b i g s  A nn . ,  3 3 2 , 313 ,  ( 1 9 0 7 ) .
54) W .H . M i l l s ,  J .  Chem. S0 0 . ,  1 0 1 , 2192,  ( 1 9 1 2 ) .
C h a p t e r  2
1) H. R o t t e n d o r f  and  S. S t e r n h e l l ,  A u s t .  J .  Chem., 1^ ,  1315,
( 1 9 6 4 ) .
2) E.  C l a r ,  B.A. McAndrew and M. Z a n d e r ,  T e t . ,  23., 9&5, (1967)*
3 ) R.A. Hoffman,  M olec .  P h y s .  1., 326,  (1958)?  S. S t e r n h e l l ,
Q u a r t .  R e v . ,  23., p .  236 - 2 7 0 , ( 1 9 6 9 ) .
4 ) S. S t e r n h e l l ,  Rev.  P u re  and A pp l .  Chem., 14 ,  15,  ( 1 9 6 4 ) .
5) R.Y/. C re c e ly  and J . H .  G o l d s t e i n ,  Org.  Mag. R es .  2., 613 ,  ( 1 9 7 0 ) .
6) N. J o n a t h a n ,  S, Gordon and B .P .  D a i l e y ,  J .  Chem. P h y s .  3 6 ,
2443 ,  ( 1 9 6 2 ) ;  J . B .  P a w l io z c k a n d  H. G u e n th e r ,  T e t . ,  26.,
1755 ,  ( 1 9 7 0 ) .
7 ) E.  C l a r  and J.Y/. Y/rigt i t,  N a t u r e ,  L o n d . ,  6_3, 921,  (1949) • '
8) N u c l e a r  M a g n e t i c  Resonance  f o r  O rgan ic  C h e m is t s ,  E d i t e d  by
D.W. M a th i e s o n ,  Academic P r e s s . ,  1967,  Chapt .  8.
9) R.A. Hoffmann and S. G ro n o w i tz ,  A r k iv  f o r  Kerai, 16, 4 7 1 , ( 1 9 6 0 ) .
10) VL E n g lan d  and  K. Ruendenberg ,  T h e o r e t ,  Chim. A c t a ( B e r l . )  2 2 ,
196,  ( 1 9 7 1 ) .
11) C. Mars c h a l k  and  C. Stumm, B u l l .  Soc.  Chim. F r . ,  1^_, 418 ,
777,  ( 1 9 4 8 ) .
13
14
15
16 
17
166.
M. L l a r t i n o f f ,  C.R.  Acad.  S c i . ,  P a r i s ,  2 3 3 , 249,  (1954)*
L .F .  F i e s e r  and  2 . B .  H e r s c h b e r g  J .A m .C h e m .S e e . , b 2 f 4 9 , ( 1 9 4 0 ) .
G.Y/olf,  J .  Arn. Che. S o c . ,  2373,  ( 1 9 5 3 ) .
N .P .  Buu-Hoi and  P.  L a v i t ,  Rec.  T ra v .  Chim.,  7j6, 200,  (1957)»  
E .  d e . B a r r y  B a r n e t t  and  M.A. M at thew s ,  B e r . d t s c h . c h e m . G e s . ,
!2>  1436,  ( 1 9 2 6 ) .
A . S i e g l i t z  and R. Marx,  B e r . d t s c h . c h e m . G e s . ,  5 6 , 1619,  ( 1 9 2 3 ) .  
E . d e .  B a r r y  B a r n e t t  and M.A. M at thew s ,  J .  Chem. S o c . ,  1 2 3 <
2 5 5 3 , ( 1 9 2 3 ) .
C h a p t e r  3
1) E.  C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and S p r i n g e r -
V e r l a g ,  1 9 6 4 , V o l .  I I ,  p .  250 and  254.
2) E.  C l a r ,  B e r .  d t s c h .  chem. G e s . ,  7 6 , 45 ^ ,  ( 1 9 4 3 ) .
3) F .C .  S t e h l i n g  and  K.B.  B a r t z ,  J .  Chem. P h y s . ,  34 ,  1076,  ( 1961)5
J . E .  B e n n e t .  P r o c .  Chem. S o c . ,  144, ( 1 9 6 1 ) .
4 ) E.  C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and S p r i n g e r -
V e r l a g ,  1 9 6 4 , V o l .  I I ,  p .  3 8 5 .
5 ) E.  C l a r ,  i b i d . ,  V o l .  I I ,  p .  2 4 6 - 2 5 8 .
6) A.H. Reddoch and P.  H. P a s k o v i c h ,  Chem. Phys .  L e t t . ,
351,  ( 1 9 6 9 ) .
7) E.  C l a r ,  G. S. F e l l ,  C.T.  I r o n s i d e  and A. B a l s i l l i e ,  T e t . ,
10 ,  26, ( I 9 6 0 ) .
8)  E.  C l a r ,  and  P .G. S t e w a r t ,  J .  Am. Chem. Soc.  2667,  ( 1 9 5 3 ) .
9) E.  C l a r ,  W. K e l l y ,  J .  M. R o b e r t s o n  and M. G. Rossmann,  J .  Chem.
S o c . ,  3878,  ( 1 9 6 6 ) .
167.
10) O.E.  P o la n s k y  and G. D e r f l i n g e r ,  I n t .  J .  Quant .  Gfcgm.,
379,  ( 1 9 6 7 ) .
11) B.A. McAndrew, Ph .D .  T h e s i s ,  Glasgow, 1967.
12) T.vV. Armit  and  R. R o b in s o n ,  J .  Chem. S o c . ,  I 6O4 , ( 1 9 2 4 ) .
13) B. C l a r ,  U. S an igok  and II. Z a n d e r ,  T e t . ,  24,  2817 , ( 19 6 8 ) .
14) N. J o n a t h a n , ‘S. Gordon and B.  P .  B a i l e y ,  J .  Chem. P h y s . ,
3 6 , 2443,  ( 1 9 6 2 ) j R.R.  M a r t i n  R. Flararaang and M. A r a b a o u i ,  
B u l l .  Soc.  Chim. B e l g . ,  74,  4 18 ,  ( 1 9 6 5 ) .
15) E. C l a r ,  H er .  d t s c h .  chem. G e s . ,  69., I p 2 ,  ( 1 9 3 6 ) .
16) H. Vollraann,  H. B e c k e r ,  1.1. C o r e l l  and  H. S t r e e c k ,  L i e b i g s
Ann. ,  S j l ,  19b,  ( 1 9 3 7 ) .
17) R. S c h o l l  and  H. K. Meyer,  B e r .  d t s c n .  chem. Ges .  69., 1 5 2 , (1 9 3 6 )
l b )  A. L i l t t  r i n g h a u s  and H. lTersshe.im.er, L i e b i g s  A nn . ,  4 7 3 , 259,
( 1 9 2 9 ) .
19) V/. B r a d l e y  and  F.  K. S u t c l i f f e ,  J .  Chem. S o c . ,  2119,  ( l 9 5 l ) »
20) C.T.  I r o n s i d e ,  Ph .D .  T h e s i s ,  Glasgow, 1959*
C h a p t e r  4
1) L.  P a u l i n g ,  The Chemical  Bond,  C o r n e l l  U n i v e r s i t y  P r e s s ,
1967,  Chap t .  6 .
2) C. A. C ou lson ,  V a l e n c e ,  O xford  U n i v e r s i t y  P r e s s ,  1961,  C h a p t .4 .
3) E.  C l a r ,  Ar0m a t i s c h e  K o h l e n w a s s e r s t o f f e ,  S p r i n g e r - V e r l a g ,
2nd E d i t i o n ,  1952,  p .  93, 4 61 .
4 ) H.C. L o n g u e t t - H i g g i n s ,  J .  Chem.Phys , ,  18,  265  ( l9 5 G ) .
168.
5) E.  C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and
S p r i n g e r - V e r l a g ,  V o l .  I .  Chap t .  5»
6) P . S .  S k e l l  and  R. J .  D o e r r ,  J .A ra .Chem .Soc . , 8 9 , 468b ,  ( 1 9 6 7 ) .
7) E.  C l a r  and D.G. S t e w a r t ,  J .Am.Chem.Soc.  , J 1 ,  2667,  ( 1 9 5 3 ) .
8) S .  C l a r ,  I .A .  MacPherson and H. S c h u l t z - K i e s o w ,  L i e b i g s  Ann . ,
6 6 9 , 4 4 , ( 1 9 6 3 ) .
9) L.  P a u l i n g ,  The Chem ical  Bond,  C o r n e l l  U n i v e r s i t y  P r e s s ,
1967 ,  P. 4 5 .
10) 0 .  Schmid t ,  B e r . d t s c h . c h e m . G e s . ,  6j_t 1 8 7 0 ,2 0 7 8 ,  (1934) •
11) V.A. I z m a i l 1 s k i ,  Chem. Abs.  43,, 4 0 ,  ( l9 4 9 )»
12) E. C l a r ,  W. Kemp and  D.G. S t e w a r t ,  T e t . ,  325,  ( 1 9 5 8 ) .
13) E.  C l a r ,  K .F .L an g  and H. S c h u l t z - K i e s o w ,  Chem. B e r . ,  8 8 ,
1 5 2 0 , ( 1 9 5 5 ) .
14) E .  C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and S p r i n g e r -
V e r l a g ,  V o l .  I ,  Chap t .  5 ,  P* 26.
1 5 ) R .L .  F l u r r y  J r . ,  M o l e c u l a r  O r b i t a l  T h e o r i e s  o f  Bonding in
O rg a n ic  M o l e c u l e s ,  A rn o ld ,  1968,  Chapt .  4 ;  M . J . S .  Dewar 
and  H.C. L o n g u e t t - I I i g g i n s ,  P r o c .R o y .  Soc.  (London) ,
A214, 48 2 ,  ( 1 9 5 2 ) .
16) E.  C la r  and D.G. S t e w a r t ,  J .A m .C hem .S oc . , 7£,  35°4 ,  ( l9 5 3 )«
17) R. S c h o l l  and K. Meyer,  B e r . d t s c h . c h e m . G e s . ,  6^,  902,  (1 9 3 2 ) ,
R . S c h o l l ,  K.Meyer and  W. W i n k le r ,  L i e b i g s  A nn . ,  494 ,  201,  
( 1 9 3 2 ) .
18) R, Weisz  and J .  K orczyn ,  Ml.Chem.,  4^,, 207,  ( 1 9 2 4 ) .
19
20
21
22
23
24
25
26
169.
E. C lar  and D.G. S t e w a r t ,  J . C h e m . S o c . ,  3 2 1 5 ,  ( 1 9 5 1 ) .
P .  J a n a s c h ,  Z e i t . f u r  Chem., S . 3 3 , 1 8 7 1  : E.  S c h a p a u f f ,  B e r .  
d t s c h .  chem. G es .  _19, 2 5 1 0 ,  ( l 8 8 6 ) .
H. de M e s b a c h  and V. Schm id t ,  H e l v .  Chim. A c t a . ,  J_, 6 4 4 , ( 1 9 2 4 ) .
P .D .  B a r t l e t t  and J . E .  J o n e s ,  J .  Am. Chem. S o c . ,  § ± ,  1837 ,
( 1942) . '
V/. T h e i l a c k e r  and M.L, W e s s e l - E w a l d ,  L i e b i g s  A n n . ,  594«
223 , (1955 ) •
I .  F leming  and D.H. W i l l i a m s ,  S p e c t r o s c o p i c  Methods i n  O rgan ic  
C h em is try ,  M cGraw-Hi l l ,  Chapt .  3 .
D.G.  S t e w a r t ,  Ph .D .  T h e s i s ,  G lasgow,  1952 .
E.  C l a r ,  P o l y c y c l i c  H y drocarbon s ,  Academic P r e s s  and S p r i n g e r -
V e r l a g ,  V o l .  I ,  p .  2 9 0 .
Chapter  5»
1) A.E .  G i l l a m  and E . S .  S t e r n ,  An I n t r o d u c t i o n  t o  E l e c t r o n i c
A b s o r p t i o n  S p e c t r o s c o p y ,  A rn o ld ,  1954? Chapt .  8 ,9*
2)  E. C l a r ,  B e r .  d t s c h .  chem. Ges .  69,, 607,  ( 1 9 3 6 ) .
3)  J . R .  P l a t t ,  J .  Chem. P h y s . ,  17, 4 3 4 ,  (1949)5 J . R .  P l a t t  ( E d i t o r )
S y s t e m a t i c s  o f  t h e  E l e c t r o n i c  S p e c t r a  o f  C o n ju g a ted  
m o l e c u l e s ,  W i ley ,  1 9 6 4 .
11
4 ) H. Zimmermann and  IT. Jo o p ,  Z e i t .  f u r  E l e c t r o c h e m . , 6j5, 6 1 , 6 6 ,
138 ( l 9 6 l ) ;  E.  C l a r ,  C.T.  I r o n s i d e  and M. Z an d e r ,  T e t . ,
2 2 , 3 5 2 7 ,  ( 1 9 6 6 ) ;  E.  C l a r  and B.A. McAndrew, f u t u r e  
p u b l i c a t i o n .
170.
5) E.  C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and S p r in g e r -
V e r l a g ,  1964> V o l .  I ,  Chap t .  7#
6) E.  C l a r ,  T e t . ,  2 ,  98 ( 1 9 5 9 ) ,  6,  355 (1 9 5 9 ) ;  2 ,  202,  ( i 9 6 0 ) .
7) E.  C l a r ,  P o l y c y c l i c  H y d ro ca rb o n s ,  Academic P r e s s  and S p r in g e r -
V e r l a g ,  1964? V o l .  I ,  Chapt .  8.
8) E.  C l a r ,  i b i d . ,  V o l .  I ,  p .  452 ,  4 6 1 .
9) E.  C l a r ,  XI. K e l l y  and X I . G. N iv en ,  J . Chem. S o c . , 1 8 3 3 , (1956) .
10
11
12
13
14
15
16
17
18 
19
E. C la r  and V/, K e l l y ,  J.Am. Chem. Soc# , I £ ,  3502,  ( 1 9 5 4 ) .  .
E.  P h i l l i p i ,  LIh.Chem. 22? 631 ( l 9 1 l ) ;  E,  C l a r ,  J .C h e m . S o c . , 
2440,  ( 1 9 4 9 ) .
E.  C la r  and  LI. Z an d e r ,  J .C h e m .S o c . ,  1577? (195&) ? I .G .
F a r b e n i n d u s t r i e  A . G . , P . P ,  85 7 * 395/1939#
LI. Z ande r ,  Chem .Eer . ,  2 2 , 2 7 4 4 , ( 1 9 5 9 ) -
I .G .  P a r b e n i n d u s t r i e  A.G. G.P .  590579? Chefe. Zbl .  1934 ,11
3 8 4 6 ; H.Waldmann, J .  P r a k t .  Chem, ( 2 ) 150 , 121, ( 1 9 3 8 ) .
B.A. McAndrev/, Ph .D .  T h e s i s ,  Glasgow, 1967#
H. de D ie s b a c h  and V. S c h m i d t . ,  H e lv ,  Chim, A c t a .  2? 6 4 4 ? 
( 1 9 2 4 ) .
E, C l a r  and C. l i a r s c h a l k ,  B u l l .  Soc .  Chim. P r .  444? (1950)*
L. P i e s e r ,  O rg a n ic  R e a c t i o n s ,  2? 129? ( 1 9 4 2 ) .
J.'.Y. Cook, J .C he m .S oc .  4 9 9 ? ( l 9 3 l ) ?  P.  C la r  and P.  John ,
B e r . d t s c h . c h e m . G e s . ,  &i? 981,  ( l 9 3 l ) ?  E# C l a r ,  F. John 
and  R. A v e n a r iu s ,  B e r . d t s c h . c h e m . G e s . ,  7 2 , 2139? (1939)$ 
L . P .  P i e s e r  and E. M. D i e t z ,  B e r . d t s c h . c h e m . G e s .  6 2 ,
1827,  ( 1 9 2 9 ) .
171.
E. C l a r ,  P o l y c y c l i c  H y d ro c a rb o n s ,  Academic P r e s s  and S p r i n g e r -  
V e r l a g ,  1964  V o l . I ,  p .  353.
o
E. C l a r  and H. Frommel,  Chem. B e r . ,  81,  163? ( 1 9 4 8 ) .
E.  C l a r ,  B e r . d t s c h . c h e m . G e s . ,  8 l 9 6 3 , ( 1 9 4 8 ) .
u
P .  J a n a s c h ,  Z e i t .  f u r  Chem. S. 33 I 8 7 I 5 P .  S c h a p a u f f ,  B e r .  
d t s c h . c h e m .  G e s , ,  19,  2570,  ( l 8 8 6 ) .
C h a p te r  6.
1) L. P a u l i n g ,  J . C h e m . P h y s . , 2? 673? (1936)
2) J . A .  P o p le ,  J . C h e m . P h y s . , 24,  1111 (1956)
3) A . J .  B e r n s t e i n ,  Y7.G. S c h n e i d e r  and J . A .  P o p l e ,  P ro c .R o y .  Soc.
( lo n d c n  ) A236, 515 ( 1 9 5 6 ) .
4 ) J . S .  Y/augh and  R.Y7. F e s s e n d e n ,  J .Am. Chem .Soc . , 7 9 , 8 4 6 , ( 1 9 5 7 ) .
5 ) E.  Johnson  and F.A. Bovey,  J . C h e m . P h y s . , 29,? 1012,  ( 1 9 5 8 ) .
6) J . D ,  Memory, J . C h e m . P h y s . , _38? 1341? (1963)*
7) J . A .  P o p l e ,  M o l e c . P h y s . , 1, 175? ( 1 9 5 8 ) .
8) R. Mc'Jeeny, M o l e c . P h y s . ,  1,  311? ( 1 9 5 8 ) .
9) C.V/. Haigh,  R.B,  M a l l i o n ,  E.A.G. Armour, M o l e c . P h y s . , 18
737-766 ,  ( 1 9 7 0 ) .
10) R.B.  M a l l i o n ,  J .C he m .S oc .  ( b ) , 681,  ( l 9 7 l ) .
11) C.Y7. H aigh  and R.B.  M a l l i o n ,  M o l e c . P h y s . ,  18,  7 6 7 ? (1970)«
12) 1*.V/. Armit  and R .B o b in so n ,  J .C h e m .S o c . ,  1604, ( 1 9 2 4 ) .
13) B.M.Donaldson,  J .M. R o b e r t s o n  and J . G .  w h i t e ,  R o c . R o y .S o c . ,
A220, 311, (1953).
20)
21 )
22 )
23)
172.
14) H. Akamatu and Y. M atsunaga ,  B u l l . C h e m . S o c . J a p a n ,  2 6 ,
364,  ( 1 9 5 3 ) i 2£,  300 ,  ( 1 9 5 6 ) .  
l j )  E . C l a r ,  U. S a n ig o k  and  1!.Z an d e r ,  T e t . ,  24,  2817,  ( 1 9 6 7 ) .
16) J . G .  W h i te ,  J . C h e m . S o c . ,  1398,  (1 9 4 8 ) ;  J . T r o t t e r ,  A c t a , C r y s t
12, 889 ,  ( 1 9 5 9 ) .
17) O.K. P o la n s k y  and G. D e r f l i n g e r ,  I n t e r . J . Q u a n t . Chem., 1 ,
379,  ( 1 9 6 7 ) .
18) R.B.  M a l l i o n ,  J .LIed.  Chera. ( i n  p r e s s ) .
19) R.H. M a r t i n ,  T e t . ,  20,  897,  ( 1 9 6 4 ) .
20) J .M. R o b e r t s o n  and J .  T r o t t e r ,  J .C he m .S oc .  2614,  ( 1 9 5 9 ) .
21) C.W. Haigh and R .B.  M a l l i o n  ( u n p u b l i s h e d  r e s u l t s ) .
22) R.B.  M a l l i o n  ( p r i v a t e  com munica tion  t o  P r o f .  C l a r ) .
23) B.A. McAndrew, P h .D .  T h e s i s ,  Glasgow, 1967.
24) F .L .  H i r s h f i e l d ,  S. S a n d l e r  and G.m . J .  Schm id t ,  J .Chem .Soc .
2108, ( 1 9 6 3 ) .
